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QXI^ATlVgLY STABLE A L PH A - AMYLASE 



This application is a continuation-in-part . pf USSN 08/01 6,395' filed February 1,1, 1893, 
Field of the Invention 

The present invention relates to novel aipha-amyiase mutants having an amino acid 
sequence not found tn nature, such mutants having an amino acid sequence wherein 
one or more amino, acid residual's) of a precursor aipha-amyfase, specifically any 
oxidizable amino acid, have been substituted with a different amino acid, The mutant 
enzymes of the present invention exhibit altered stability/activity profiles including but 
not limited to altered -oxidative stability, altered pH performance profile, aitered epeclflc 
activity and/of altered thermostability. 

Background of the inyentmn, 

Alpba-amyiasss {alpha-1,4-glucen-4-glucenQhydroiase, ECS. 2.1,1) hydrolyxe internal 
alpha- 1 ,4-g Sue osidie linkages in starch largely at random, to produce smaller molecular 
weight maito-dsxtrins. Alpha-amyiases are of considerable commercial value, being 
used In the initial stages IllquefaCtioni of starch processing; in alcohol production; as 
cleaning agents in detergent matrices; and in the textile industry for starch desiring. 
Alpha-amyiases are produced by a wide variety of microorganisms including Baciitus 
end MpergtffaSi with most commercial amylases being produced from bacterial sources 
such as B. HchBtilformis, 8. amyloijQyefkcims, B. su&titis, or 8. simmtfremwpivhs, In 
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recent years the preferred enzymes in commercial use nave been those from B. 
lichemfarmis because of their heat stability and performance, at least at neutral and 
mildly alkaline pH's. 

Previously there have been studies using recombinant &HA techniques to explore which 
residues are important for the catalytic activity of amylases and/or to explore the effect 
of modifying certain amino acids within the active site 7 . of various amylases (Vihinen, M, 
at el (19901 J. Biehem, 1-0?;267-2?2; Holm, L. eta!, 11990} Protein Engineering 
3:181-191; Takase, K. et ai. (1992) Bioebemlea et Blophysica Acta, 1120:281-288; 
Mmsul I. at ai {1392s fobs letters Vol, 310, No. 3, op, 216-218}; which residues are 
important for therms! stability (Suzuki, V, or at {1089} X Biol, Chem. 264:18933- 
1.3938)5 and one group has used such methods to introduce mutations at various 
histidioe residues in b & licheniformis amylase, the rationale for making substitutions at 
histidioe residues was that 0. Uehmitormis. amylase (known to be thermostable} when 
compared to other similar Bad/ios amylases, has an excess of hrstidines and, therefore, 
it was suggested that replacing a histidins could affect the thermostability of the 
emyma COederck, H, et a!. (1990) J, Biol Chem, 26S:1 5481-1 5488; FR 2 685 178- 
At; Joyet, K et ai. (1992) Bio/Technology 10; 1.579-1 5831. 

it has been found thai alpha-amySsse is inactivated by hydrogen peroxide and other 
oxidants at pH's between 4 and 10,5 as described in the examples herein. 
Commercially, alpha -amylase enzymes can be used under dramatically different 
conditions such as both high and low pH conditions, depending on the commercial 
application. For example, alpha-amylasas may be used In the liquefaction of starch, a 
process preferably performed at a Sow pH fpH < 5.5). On the other hand, amylases 
may be used in commercial dish care or laundry detergents, which often contain 
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oxidants such a$ bleach or peracids, and which are used in much more alkaline 
conditions; 



Irs order to alter the stability or activity profile of amylase enzymes under varying 
conditions, it has been found that selective "replacement/ substitution or deletion of 
©xidizaWe amino acids, such as a methionine, tryptophan, tyrosine, histidine or 
cysteine, results in an altered profile of the variant enzyme as compared to its 
precursor. Because currently commercially available amylases are net acceptable 
f stable) under various conditions, there is a need for an amylase having an altered 
stability and/or activity profile. This- altered stability {oxidative, thermal Or pH 
performance profiles can be achieved while maintaining adequsts enzymatic activity, as 
compared to the wild-type or precursor enzyme* The characteristic affected by 
introducing such mutations may be a change in oxidative stability while maintaining 
thermal stability or Wee versa. Additionally, the substitution of different amino acids 
for an oxidizabie amino acids in the alpha -amylase precursor sequence or the deletion of 
one or more oxidizable amino acidis) may result In altered enzymatic activity at a pH 
other than that which is considered optimal for the precursor aipha-amylase, in other 
words, the mutant enzymes of the present invention may also have altered pH 
performance profiles, which may be due to the enhanced oxidative stability of the 
enzyme. 



The present invention relates to novel alpha-amyiase mutants that are the expression 
product of a mutated DMA sequence encoding an alpha-amyigse, the mutated DMA 
sequence being derived from a precursor alpha-amyiase by the deletion or substitution 
{replacement,! of one or more osddizable amino acid- in one preferred embodiment of 
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the present invention the mutant result from substituting a $ffefent amino acid for one 
or mors methionine residuels) in the precursor aSpha-amyiase. in another embodiment 
of the present invention the mutants comprise a substitution of one or more tryptophan 
residue alone or in combination with the substitution of one or more methionine residue 
in the precursor aSpha- amylase. Such mutant aipho-arnyiasee, in general, are obtained 
by in vitro modification of a precursor DMA sequence encoding a naturally occurring or 
recombinant aipha-amylase to encode the substitution or deletion of one or more amino 
ac.*d residues in a precursor amino acid sequence* 

Preferably the substitution or deletion of one or more amino acid in the amino acid 
sequence is due to the replacement or deletion of One or more methionine, tryptophan, 
cysteine, histsdine or tyrosine residues in such sequence, most preferably the residue 
which is changed is a methionine residue.. The oxidisable amino acid residues may he 
replaced by any of the other 20 naturally occurring amino acids. If the desired effect is 
to altar the oxidative stability of the precursor, the amino acid residue may be 
substituted with a non-oxidisable amino acid (such as alanine, argihine, asparagine, 
asprtie acid, glutamic acid, oJutamme, glycine, ssoleuesne, leucine, lysine, 
phenylalanine, proline, serine, threonine, or valine) or another oxidlssbie amino acid 
{such as cysteine, methionine, tryptophan, tyrosine or histkJine, listed in order of most 
easily oxlbizabie to less readily oxidtsableh Likewise, if the desired effect is to alter 
thermostability, any of the other 30 naturally occurring amino acids may be substituted 
{i.e., cysteine may be substituted for methionine). 

Preferred mutants comprise the substitution of a methionine residue equivalent to any 
of the methionine residues found in & Uchsmfctfmm aipha-amylase 8* •* 15, +107, 
+ 286, +304, +388 and + 43SK Most prof era bly the methionine to be replaced is a 
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methionine at a position equivalent to position +137 or 4- 15 in 8*- iichmiformis alpha- 
amylase. Preferred substitute amino acids to replace -the,. methionine at position 4-1 f? 
are alanine (Ah iseieuesha III threonine ffl or cysteine (CK The preferred substitute 
amino acids at position + 15 pre leucine {U, threonine (TL asparagine {Nl aspartate 
IDL serine CSh valine (V) and ssoieueine m, although other substitute- amino acids not 
specified above may be useful, two specifically preferred mutants of the present, 
invention are M197T and y iSL. 

Another embodiment of this invention relates to mutants comprising the substitution of 
a tryptophan residue equivalent to any of the: tryptophan residues found in 8, 
JiCfmvformis alpha-amyisse (see Bg.,2). Preferably the tryptophan to be replaced js at. 
a position equivalent to + 138 in 8. licteniformis alphs-amylase. A mutation 
{substitution) at a tryptophan residue may be made alone or in combination with 
mutations at other oxidfeabie amino acid .residues. Specifically, it may be advantageous 
to modify by substitution at least one tryptophan in combination with at least one 
methionine (for example, the double mutant * 138/4 1S7h 

The alpha-amylase mutants of the present invention, in general, exhibit altered 
oxidative stability in the presence of hydrogen peroxide and other oxidants such as 
bleach or peraciris, or, more specific, milder oxidants such as chioramine-T, Mutant 
enzymes having enhanced oxidative stability mil be useful in extending the shelf life 
•and bleach, perborate, perearbonate or paraeib" compatibility of amylases used in 
cleaning products. Similarly, reduced oxidative stability may be useful in industrial 
processes thai require the rapid and efficient quanchsng of enzymatic activity . The 
mutant enzymes- of the present Invention may ateo demonstrate a broadened pH 
performance profile whereby mutants such as Ml 51 show stability for low pH starch 
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liquefaction and mutants such as M107T show stability at high pH cleaning product 
conditions. The mutants of the present invention may also have altered thermal 
stability whereby the mutant may have enhanced stability at either high or low 
temperatures. It Is understood that any chaoge {increase or decreases in the mutant's 
emymatic characteristics.;*}, as compared to its precursor, may he beneficial depending 
on the desired end use of the mutant alpba-amyiase 

In addition to starch processing end cleaning applications., variant amylases of the 
present invention may be used In any application in which known amylases are used., 
for example, variant amylases can be used in textile processing, food processing., etc, 
Specifically, it is contemplated that a variant enzyme such as M197C, which is easily 
inactivated by oxidation, would he useful in a process where it is desirable to 
completely remove amylase activity at the .end of the process, for example, in frozen 
food processing applications. 

The preferred alpba-aroylase mutants of the present Invention are derived from a 
Bactttm strain such as B. fictoenifarmis, fit 8myf0qu®f2tcien$, and B. 
st&amthsrmQ&httiis. and most preferably from Baditus lich&ntformis. 

In another aspect of the present invention there Is provided a novel form of the alpha- 
amylase normally produced by 8, Ucftmiformis. This novel form, designated as the A4 
form, has an additional four alanine residues at the M-termious of the secreted amylase 
(Fig, 4bJ Derivatives or mutants of the A4 form of ail pha -amylase are encompassed 
within the present invention. By derivatives Of mutants of the A4 form,. It is meant tha 
the present invention comprises the A4 form alpha-amylase containing one or more 
additional mutations such as, for example, mutation (substitution, replacement or 
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dMetion) of one m more oxldizabie amino acidisl. 



in a composition embodiment of the present invention there are provided detergent 
compositions, liquid, gel or granular, comprising the alpha*amyiase mutants described 
herein. Particularly |»sf#r^. : 9r9--de*i8f^^- : corhpi6s»ti^ fc<^j»isi«§ a 4-187 position 
mutant either alone or in combination with other enzymes such as endogiyoosidases, 
ceilulas.es, proteases, lipases or other amylase .enzymes- Additionally. It is 
contemplated that the compositions of the present invention may include an alpha- 
amylase mutant having more than one site-specific mutation. 

in yet another composition embodiment of the present invention there era provided 
compositions useful in starch processing and particularly starch liquefaction. The 
starch liquefaction compositions of the present invention preferably comprise an alpha- 
amySase mutant having a substitution or deletion at position Ml 5, Additionally, it is 
contemplated that such compositions may comprise additional components as known 
to those skilled in the art, including, for example, antioxidants, calcium. Ions. etc. 

In a process aspect of the present invention there are provided methods for liquefying 
starch, and particularly granular starch slurries, from either a wet or dry milled process. 
Generally, in the first step of the starch degradation process, the starch slurry is 
gefetin&ed by heating at a relatively high temperature {up to about 1 10 S C|. After the 
starch slurry is gelatinized it is liquefied and dextrinissed using en siphs-amylase. The 
conditions tor such liquefaction are described' in commonly assigned US patent 
applications 07/785,624 and 07/785,623 and US Patent S, 180,883, the disclosure of 
which are incorporated herein by reference. The present method for liquefying starch 
comprises adding to a starch slurry an effective amount of en alpha-amylase of the 
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present .invention, alone or in combination with addhionsi excipiants -such as an 
antioxidant, and reacting the siu**y for en sppropnat© time and temperature to liquefy 
the starch, 

A further aspect of the present invention, comprises the DMA encoding the mutant 
aipha-amylases of the present invention {including A4 form and mutants thereof! and 
expression vectors encoding the DMA as weli as host ceiis transformed with such 
expression vectors. 

Brief Description of the Draw ings 

fig. 1 shows the DMA sequence of the gene for slphs-amviass from: 8. ffChmjfomiiS" 
(NCJBSGS'1 h Seq ID No 31, end dstfocetf translation product as described in Gray, G. et 
si, (WBB) J, Bactsr. 166:635-643, 

Fig, 2 shows the amino acid sequence of the mature alphe-amyiasa ehryrna from R 
iichemform/s INCI880S1), Sep ID- No 32, 

Fsg, 3 shows an alignment of primary -.structures of B&ciffvs sipha-amylases. The 8, 
iichenifQrmfs amylase {Am-Liehh Seq ID No 33, is described by- Gray, G, et al, {1988} 
J, Sact. 188:838-643; the 8. amyfofiguefaams amylase (AnvAmyloh Seq ID No 34, is 
described by Takkinen, K, at at 11963} J, Ssai Chew. 288:1007-1013; and the 8. 
Stmmth&rmQphilus (Am-Stearo), Sap ID Mo 35, is described by ihara, H. et ah {10-851 
J, aiochem, 88:95-103. 

Fig, 4a shows the amino acid sequence of the matt*re alpha-amylase variant MTS7T, 
Sep ID No 36. 
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Fig. 4b shows the amino acid seguaooe of the A4 form of slpha-arnyfase from B. 
fichmiformts NCS88081, Seq-iD No' 37, Numbering is from the N-terminsi.s, starting 
with the four additional alanines. 

Pig. 6 shows pfsasmitf pA4BL wherein BLAA refers to & iicheniformis alpha-amyiase 
gene, 'Pstl to Ssti; Amp 8 refers to the smpscsiisn-resistant gene f rom nBH322; and CAT 
refers to the Chiofsmphenscol-ressstant gene from pCI 94, 

Fig, 6 shows the signal sequence-mature protein junctions for 0. iichemfomvs (Seq ID 
No 38!, subtiiis iSeq ID No 39), & ficfrmifemvs m pA4Bl iSeq ID No 401 and B, 
ifcftmifomvs m pStapr iSeq ID Mo 41 >, 

fig, 7 s Shows inaetivatson of certain aipha-arnyiases CSpasyme® AA2Q and Ml STL CA4 
form! with G-SSM H 3 Q 3 at pH 5,0, 2S*C, 

Fig, 7b shows inaetivation of certain alpha-smylases l : $pe*yme® AA20,. M107T) with 
0:SSM HjOj at pH 10.0, 2S*»S, 

FiQ< ?c shows inactsvation of certain aipha-amySases {Spexyme* AA20, M1SU with 
G.88M H ? Oj at pH 6.0, 25°C 

Fig, 8 shows a schematic for the production of M1 97X cassette mutants. 
Fig. 9 shows expression of Ml S7X variants. 

Fig. 10 shows therms! stability of Mi 37X variants at pH 5.0, 5mM CaCi 2 at 95 °C for 5 
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mios. 

Fags, lis and 1 lb show inactivstion of certain amylases in automatic dish care 
detergents.. Fig, 1 la shows the stability of certain amylases in Cascade 1 * la 
commercially available dish care product) at S5?C m -the presence or absence of starch. 
Fig. lib shows the stability of certain amylases in Sunlight * ia commercially available 
dish care product! at 65 °C In the presence or absence of starch. 

Fig, 12 shows a schematic lor the production of M15X cassette mutants. 

Fig, 13 shows expression of rVtlSX variants, 

fig, 14 shows specific activity of M1 5X variants on soluble starch, 

fig, t o shows heat stability of M15X variants at 00°C, pH 5.0, BmU CaClj, 5 mins. 

Fig, 1 6 shows specific activity on starch and soluble substrate, and performance in let 
liquefaction at pH 5,5, of Ml 5 variants as s function of percent activity of 8. 
ticbemfamvs wild-type . 

Fig. 17 shows the inactivaflon of B. Itcheniformis alpha-amylase IAA20 at 0,65 mg/mi) 
with ehibramins-T at pH 8.0 as compared to variants M107A {1.7 mg/mi) and Mi 971, 
11,7 mg/mO. 

Fig, 18 shows the inactivation of & licftenffarmis alpha-am yiess (AA20 at 0.22 mg/mi) 
with chloramioa-T at pH 4jQ as compared to variants M197A {4.3 mg/ml) end 1*11971. 
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!0. 53 mo/mi). 

Fig. 19 shows the reaction of B. iicb&mfmmis aipha-amyiase (AA2G at 0,75 mg/mt) 
with cNoramine-T at pH 5.0 as compared to double variants M1 97tA 1 Vt38F (0.84 
mg/ml) and M197T/W13SY fO.OQ mg/rnlj. 

Petals ed Description of the invention 

It is believed that amylases used in starch: liquefaction may be subject to soma form of 
$nact«vat»on due to some activity present in the starch slurry {see commonly owned US 
applications 07/785,824 and 07/785,823 and US Patent 5,!8Q,S69, issued January 
19, 1993, incorporated herein by reference). Furthermore, use of an amylase in the 
presence of oxidants, such as in bleach or peraesd containing detergents, may result in 
partial or complete ^activation or the amylase. Therefore, the present Invention 
focuses on altering the oxidative sensitivity of .amylases. The mutant enzymes of the 
present invention may also have an altered pH profile and/or altered thermal stability 
which may be due to the enhanced oxidative stability of the enzyme allow or high 
pH's, 

AJpha-amyla.se as used herein includes naturally occurring amylases as well as 
recombinant amylases. Preferred amylases in the present invention are alpha-a myiases 
derived from 8. Hchmrformss or B r stearotfiermopbitos, including the A4 form of alpha- 
amylase derived from 8. iicttmrformis as described herein, as well as fungal alpha- 
amylases es those derived from Aspergillus as A< oryzae and A. mger). 

Recombinant •alpha-amylases refers to an alphs^emyiase in which the DMA sequence 
encoding the naturally occurring alpha-am ylase is modified to produce a mutant DMA 
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sequence which encodes the substitution, insertion or delation of one or more amino 
adds in the. alpha-amyiaae sequence. Suitable modification methods am disclosed 
herein,, and also in commonly owned US ^ataMs 4,760,025 and 5,1 85,258. , the 
disclosure of which are Incorporated' herein by reference. 

Homologies have bean found between almost all endo-amylases sequenced to date, 
ranging from plants,, mammals, and bacteria {Nakajima, R.T. et al, tl 988} Appl, 
Microbiol. Bidteshnoi, 23:355-360; -Rogers, J.C. CI 385} Sioehsm, Biophys, Bes. 
Common. 12S:4?0-476). There are four areas ot particularly high homology In certain 
BdCilfus amylases, a-s shown In Fig, 3, wherein the underlined sections designate the 
areas of high homology. Further, sequence alignments have been used to map the 
relationship 'between Saciffus endo-amylases {Feng, D.f, and Doolitds, &*F< {198 ?) J, 
Maiec. FvoL 35:351-380}. The relative sequence homology between 8, 
M&dmtH&rmophifus and 8. fichenfformfs amylase is about 66%, as determined '. toy • -Holm, 
t. at aS, 11990} Protein Engineering. £ I3;> pp. 181-191- The sequence homology 
between & ^phmtfarmis and 8. amyfafhimf&ctem amylases is about Si %, as par 
Holm, L et et, suprtt* While sequence homology is important, it Is generally recognised 
that structural, homology is also important in comparing amylases or other enzymes, 
For example, structural homeiogy between fungal amylases and bacterial Wacitfus) 
amylase have been suggested and, therefore, fungal amylases are encompassed within 
the present invention. 

An aipha-aaiylass mutant has an amino acid sequence which is derived from the amino 
acid sequence of a precursor aipha-amyiase. The precursor alpba-amylases include 
naturally occurring alpha -amylases and recombinant aipbg-amyiases {as defined). The 
amino acid sequence of the aipha-amylase mutantis derived from the precursor alpha- 
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amylase amino apsd sequence fey the substitution, delation or insertion of one or owe 
amino acids of the precursor amino acid sequence. Such modification Is of the 
precursor DMA sequence which encodes the amino acid sequence of the precursor 
aipha-amylase rather than manipulation* of the precursor ■■aipha-amylase enzyme per se. 
Suitable methods for such manipulation of the precursor DMA sequence include 
methods disclosed herein end in commonly owned US patent 4,760,025 and 
6,185,258. 

Specific residues corresponding to positions Mil?, Ml 5 and W138 of Bacillus 
ilcheniformis ajpha-amylasa are identified herein for substitution or deletion, as are all 
methionine, Nstldine, tryptophan, cysteine and tyrosine positions. The amino acid 
position number ii.e,, +19?) refers to the number assigned to the mature Bacillus 
iksfwnffotmis alpha -amylase sequence: presented in Fig. 2. The invention, however, is 
not limited to the mutation of this particular mature aipha-amylase W>. iicMniformisl but 
extends to precursor aipha-amylases containing amino acid residues at positions which 
»m equivalent to the particular Identified residue in 5, iichmifomvs atpha-affiyiasa, A 
residue {amino aeidl of a pfecursor aipha-amylase is equivalent to 9 residue of 8. 
lichemformis aipha-amylase if it Is either homologous lie. , corresponding in position in 
either primary or tertiary structure! or analogous to a specific residue or portion of that 
residue in 8. licif&nifofmis aipha-amylase iu&,, having the same or similar functional 
capacity to combine, react, or interact chemically or structurally}. 

in order to establish homology to primary structure, the amino acid sequence of a 
precursor alpha-arnyiase is directly compared to the & Ilcheniformis alpha-amylase 
primary sequence and particularly to a set of residues known to. be Invariant to all 
alpha-amylases for which sequence Is known, as seen in Fig. 3. It is possible also to 
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determine equivalent residues by tertiary structure: crystal structures have been 
reported for porcine psncreap'c alpha-amylase (Buisson, G. at at {1387) EM&Q 
*L6- 3909 -391 6); Taka-arnyiase A from Aspsrgiihs oryzm iMstmiifa, Y. et at £1384} J. 
Bsochem. (Tokyo) 9Si89?-702|; an^ an add aSpha-amyiass from 4, mger (Boet £. et at 
{19905 Biochemistry 29:6244-8249;, with the termer two structures being similar. 
There ere no published structures for Sac/iim alpha-amylases, although there are 
predicted to be common super-secondary structures between glucanases IMacSregor, 
E.A, & Svensson,. 8. 11989* Biochern. J. 299:145-1 52) and a structure for the & 
stmrothermophilm- enzyme has been modeled en that of Taka-amyiasa A (Holm; L et 
si 119905 Protein Engineering 3:181-1 9?}. The four highly conserved regions shown in 
Fig. 3 contain many residues thought to be pert of the active-site (Matsuura, Y. et at 
11984} J- Blochem. (Tokyo} 95:697-702; Suisson, G. et at 11387* EMBO J. 8:3303- 
3918,: Vlhinen,. M. st at {19901 J, Biochem, 107:267-272? including,, in the 
Jich&mformfS numb&fmg, HislOS; Arg229; Asp231; His235; Qiu2S1 and Asp328 v 

Bxprsssion vector as used herein refers to a ONA construct containing a DMA sequence 
which Is ooerably linked to a suitable control sequence capable of ef f ecting the 
expression of said DMA in a suitable host. Such control sequences may include a 
'promoter to effect transcription,, an optional operator sequence to control such 
transcription, a sequence encoding suitable mBNA rihosome-bindlng sites, and 
sequences which control termination, of transcription and translation.. A preferred 
promoter Is the B, sttbWs aprE promoter. The vector may be a pissmid, a phage 
particle, or simply a potential genomic insert. Once transformed into a suitable host, 
the vector may replicate and function independently of the host genome, or may, in 
some instances, integrate into the genome itself. In the present specification, piasmid 
and vector are sometimes used ImerehsngeabiY as the plasrnld is the most commonly 
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used form of vector at present, However, the invention is .intended to include such 
other forms of expression vectors which serve equivalent functions and which are, or 
become* known in the art, 

Host strains (or ceils) useful in the present invention generally are proearyotic or 
eucaryotic hosts and include any: trahsfermapis microorganism in which the expression 
of alpha-amylase can be achieved. Specif ieaSly, host strains of the seme species or 
genus from which the alphs-amySsse is derived are suitable, such as a Bacitius strain. 
Preferably an alpha-arnylase negative S$$ftfm strain (genes deleted) and/or en elpna- 
amylase and protease deleted Bacttlus strain such as Bacitius sobtii/s strain SG2473 
i&3my£,&&pr t &tiprt »s used. Host ceils -are transformed 'or transfected with vectors 
constructed using recombinant DMA techniques. Such transformed host ceils are 
capable of either replicating vectors encoding the alpha -amylase end its variants 
(mutants) or expressing the desired alpha-amylase. 

Preferably the mutants of the present invention are secreted into the culture medium 
during fermentation. Any suitable signal sequence, such as the aprg signal peptide., can 
be used to achieve secretion. 

Many of the aipha-amyiase mutants of the present invention ere useful in formulating 
various detergent compositions, particusarly certain dish care cleaning compositions, 
especially those cleaning compositions containing known oxidants, Alpha-amylase 
mutants of the invention can he formulated mto known powdered, liquid or gel 
detergents having pH between 6.5 to 12.Q. Suitable granular composition may be 
made as described in commonly owned US patent applications 07/429,881 , 
07/533,721 and 07/057,973, ail of which are incorporated herein by reference, These 
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detergent cleaning compositions cart: also contain other grszymes, mch as known 
proteases, lipases, ceilulases, endogiycGSidases or other amylases, as well as builders, 
stabilisers or other excSpients known to those skilled in the art. These enzymes can be 
present as co-granules or as blended mixes Of in any other manner known to those 
skilled in the art, furthermore, k is contemplated by the present invention that multiple 
mutants may be useful in cleaning or other -applications. For example, a mutant 
enzyme having changes at both + 1 5 end >?- 19? may exhibit enhanced performance 
useful in a cleaning product or a multiple mutant comprising changes at 4- 197 and 
•f 1 38 may Have improved performance. 

As described previously, alpha-smylase mutants of the present invention may else be 
useful In the liquefaction of starch. Starch liquefaction, particularly granular starch 
slurry liquefaction,, is typically csrmd out at near neutral pH's and high temperatures. 
As described in commonly owned US applications 07/788,624 end 07/785,1523 and US 
Patent §, I SO, 889, it spp&Bts. that an oxidizing agent or inactivating agent of soma sort 
is also present in typical liquefaction processes.- which may affect the enzyme activity; 
thus- in these related patent applications an antioxidant Is added to the process to 
protect the enzyme. 

Based on the conditions of a preferred liquefaction process, as described In commonly 
owned US applications 07/788,824 and 07/788,823 and US Patent S,1 80,889, 
namely low pH, high temperature and potential oxidation conditions, preferred mutants 
of the present invention for use in liquefaction processes comprise mutants exhibiting 
altered pH performance profiles (he, s low pN profile,. pH <8 and preferably pH <S,SL 
and/or altered thermal stability {i.e., high temperature, about 30°-1 10°Ch and/or 
altered oxidative stability |i,e<, enhanced oxidative stability). 
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Thus, an improved method tor liquefying starch is taught by the present invention, the 
method comprising liquefying a granular starch slurry from -either a wet or dry. milling 
process at 8 pN from about 4 to 6 by adding an effective amount of an alpha -amylase 
mutant of the present invention to the starch slurry; optionally adding en effective 
amount of an antioxidant or other exiapient to the slurry; and reacting the slurry for an 
appropriate time and temperature to liquefy the starch. 

The following is presented by way of example and is not to be construed as a limitation 
to the scope of the claims. Abbreviations used herein, particularly three Setter or one 
letter notations for amino acids are' described in Date, J.W., Molecular Genetics of 
Bacteria, John Wiley & Sons, , f 19891 Appendix 8. 



iMtrimjntai 

example 1 

Substitutions for the Me thionine Residues in B, Jkhmiformis Mt^B-Mri^mB 
the aipha-amylase gene (Fig, 1.) was cloned from &. iichemfarmis NC188081 O'btain^d 
from the National Collection of Industrial Bacteria, Aberdeen, Scotland {Gray, G, et al. 
(19885 J. Bacteriology 166;83S-843)> The t.?2kb FsthSstl fragment, encoding the 
last three residues of the signal -sequence; the entire mature protein and the terminator 
region was subcioned Into fvi13SVlP18. A synthetic terminator was added between the 
Bell and Sstl sites using a synthetic oligonucleotide' cassette of the form; 
Boll astx 

§' GATCAAAACATAAAAAAeCSGCeT^ 3' 
3' TTTTGTATTTTTTGGCGC^ &> 

Sep ID No i 

designed to contain the 8. amyMigusfschm suhtiiMn transcriptional terminator (Weils 
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Site-directed mutagenesis by oligonucleotides used essentlaSy the protocol of ZoHer, M 
et el. 09831 Meth, EnzymoL 100:488-S0O; briefly-, S'-phosphoryiated oligonucleotide 
primers were used to introduce the desired mutations on the Ml 3 singles-stranded DMA 
template using the oligonucleotides listed in Table, i to substitute for each of the seven 
methionines found in B. ticheniformte siohe-amylsxe. Each mutagenic oligonucleotide 
also Introduced a restriction end onudc ass site to use as a screen f or the linked 
mutation. 
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TABLE 



S '~T GGS MS CTG QCS CAS BC gT « « M 



5»«TG ATS CASTACTTT fifiA TpTA^OT CCC ^ T GA ~ 3< 



1*~S&T TAT TTS TXS TAT QCC Sg^gv 

$»~OS 60S A&S S^JCC^TTX ACG STA SCT-3' 
H304X 

$»-ec SSC TAT CAC^Tm^G AAA ;-m c-3 
H36SA 

S '>»C TAC 6GG S AT «C& T AC SSS ACS A- 3 
"Hi; i 



S«q IB He 2 



ID |3c< 3 



C SAC TAT SAC EST~3* Seq XD Ho 4 

Sag ZD No 5 
geq ID Ho 8 
Ssq ID 7 



TAC SSS SAT XWTAC SSS ACC AAS 6 SA SAC TCC 03' Seq ID He 



t*-CC GST SSS 



agCAAG CSg SCC TAT STT GGC CSS SAA S*q 2D Ho 



Bold letter Indicate base changes introduced by oligonucleotide. 

Codoo changes indicated in the form ft/ISA, where methionine- IM) at position «f S has 
been changed to alanine (A). 

ypderllninQ indicates restriction endonucleese she introduced fey oligonucleotide. 



The heteroduplex was used to transfeet £ eo/>' rnutL cells CKramer et aL CI- 984) Cell 
3$:8?9) end, after piaque-pudficatlon, clones were analyzed by restriction analysis .of 
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the ftfl '$, Positives were confirmed by dideoxy sequencing {Sanger et si, I187?H 'Prbc. 
Mat!. Acad. Sol U.S.A. 74:M83-646?S and the Psh-SsU fragments for each subcloned 
into w £ co// vector, piasmid pA4BL. 

Piasmid dA48L 

Following the methods described in US application 860,468 {Power et el-), which is 
incorporated herein by reference- a silent Pstl. site was introduced at cod on «f 1 (the 
first aminc-acid following the signal cleavage site) of the aprB gene from pSt$S-l 
IStshf, Ml. and Ferrari, £. (19841 j. Sector. 158:41 1-4181 The aptS promoter and 
signal peptide region was then cloned cut ot a pj'NtOi olesmid {Ferrari, F.A. et ah 
{13831 J. Bacten 1S4: 151 3-1 Sits) as a Hindlil-Pstl fragment end subelbned Into the 
pUC18-dehved piasmid J Ml 02 (Ferrari, £. and Hoch, J. A. (1989) Bacillus, ed, CM. 
Hefwood, Plenum Pub., pp. 57-72h Addition of the Psd-Sst! fragment from - 8. 
iichemformis alpha-aroylase gave pA48L {Fig. 51 having the resulting sprS signal 
peptide-amylase fcnetion as shown in Fig. 6. 

Trapsfof tnation into 8. sufyMs 

pA48L is a piasmid able to replicate In & coii end integrate into the & subttf/s 
chromosome, Plasmids containing different variants were transformed into 8, svbtttis 
{Anagnostopouios, C and Spizisen, X {1961) J. Bactsr. 81:741-746) and integrated 
into the chromosome at the spr£ locus: by a Campbell-type mechanism {Young, U. 
11984) J. Gen. Microbiol. 130:1613-18215. The BaciUus $ub0i$ strain BG2473 was a 
derivative of 1188 which had been deleted for amylase i&smyE) and two proteases 
i&apr, &fipfi iStahh M.L, and Ferrari, £„ J. Bacter. 158:41 1-418 and US Patent 
5,264,368, incorporated herein by reference). After transformation the sacUZZiHy) 
{Manner,. DJ. et ai (1388) J. Sector. 170:296-300) mutation was introduced by P8S-1 
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N-tefminal analysis of the amylase expressed from pA48L m 8, svhtffis showed it to 'be 
processed having four extra afanines at the N-termsnus of the secreted amylase protein 
CA4 form**). These extra residues had no Significant, deSaten'ous effect on the. activity 
or thermal stability of the A4 form and in some applications may enhance performance, 
in subsequent experiments the correctly processed forme of the iijchanifotmis amylase 
end the variant M197T were made from a very simiiar construction (see Fig. SI, 
Specifically, the 5' end of the A4 construction was subeioned on an EcoRI-Sstll 
fragment., from pA48l (Fig. 5) Into M138M20 IBoehhnger Mannheim? in order to obtain 
a coding-strand template for the mutagenic oligonucleotide below: 
S'-CftT CAG CGT CCC ATT AAG ATT TGC A<3C CFG CGC AGA CAT GT'T 
GCT-3' 

Seq ID Ho 10 

This primer ■eliminated the codons for the extra four N-termlnsI alanines, correct forms 
being screened for by the absence of the Fsti site, Subcioning the EcoRhSsth ffagmani 
back into the pA4BL vector (Fig. 5) gave piasmid pBLapr. The M197T substitution 
could then be moved, on a SstiLSstl fragment, out of pA48L *M19?T| into the 
complementary pBLapr vector to give piasrnid pBLapr $M197Th N-terminal analysis of 
the amylase expressed from pBLapr In 8* subWis showed it to be processed with the 
same N-tenninus found In B< Hchemforrms alpha •amylase. 
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Oxidative Sensitivity of &®&ihianm& \'mJM&& 
8, llch&mf&rmi's alpha-amylase, .such -as Spezyme^ AA20 teoromercialiy available from 
Geneneor inter national, inch Is inactivated rapidly in the presence of hydrogen 
peroxide (Fig. 7). Various methionine variants were expressed in shake-flask cultures 
of 8, saMff/s and the crude aupernatants purified ijy ammonium sulphate cuts. The 
amylase was precipitated from a 20% saturated ammonium sulphate supernatant by 
raising tha ammonium sulphate to 70% saturated, end then resuspended. The variants 
were then exposed to O.BBU hydrogen peroxide at pH S.O, at 25 °C. Variants at six of 
the methionine positions in & tlchsmfmmis alpha-aroylase ware still subject to oxidation 
by peroxide white the substitution at position 4-197 (M187M showed resistance to 
peroxide oxidation. {See Fig, 7.) However, subsequent analysis described in further 
detail below showed that while a variant may be susceptible to oxidation at pN 5.0* 
2g°C, it may exhibit altered/anhaneed properties under different conditions &«„■ 
liquefaction). 



Construction of Ali Posssbie Va^aots at Portion . 1 
All of the Ml 97 variants IM1Q7X) were produced in ths A4 form by cassette 
mutagenesis, as outlined in Fig. 8; 

1) Site directed mutagenesis (via primer extension in Ml 3) was used to 
make MT97A using the mutagenic oligonucleotide below: 

Ml 55? A 

5 * -GAT TAT TTG ®GG TAT GCC QhT ATC GAG TAT GAG GAT-3 1 

EcoRV-s- 

Clal- Seel ID Mo 11 

which also inserted an EcoRV site Cboderis 200-201 i to replace the Clal site 
iCOdons 201-202), 
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fecdons 201-2021, 

23! Then primer LAAf*312 CTabie ill. was used -lip introduce another silent 
restriction site tSstSU over codons 186-18®. 

3) The reaultant Ml 97 A CBstBi*, EeoRV-f ) variant was than subcioned 
IPsil-Ssti fragment} into plasmid pA48L and the resultant piasmld digested with 
BsiBI and EcoBV and the large yepi or cootaining fragment Iseiated by 
eSeOtroelutlon from agarose gei, 

4) Synthetic primers LAAM14-3Q ffabie H) were each annealed with the 
largely complementary common primer LAAMi.3 (Table Ml. The resulting 
cassettes encoded for ail the remaining naturally occurring amino acids at 
position + 19? and ware iigatad, individually, into the vector fragment prepared 
above, 

TABLE U 

ik.iliiao^^mi^§..y^dJM.£ggi^e,ti: e ftft 

^ofroduce - Ml 9?X Variants 



LAA8/n4 



lAAfA-S 



LA AM IS 



LAAM17 



•Sec m Ho 1 2 
SD No 13 



L&AM20 



66 <3AA QTTTCQ AAT SAA AAC 0 

(ECORV) SJC GGC ATA TO CAT ATA ATC ATA 0TT GCC GTT TTC ATT £1 

n s r $> m m m u 

®$X&\) CO AAT OAA AAC GGC AAC TAT G AT TAT TTC AT£ TAT GCC GAC. iSsoRV-? 

FT 97 S$o SO No IS 

SBstBiS CO AAT OAA AAC GCC AAC TAT GAT TAT TTG TTC TAT GCC GAC {EcsRV-i 

VIS"? SeQ ID No 76 

JBstBII CO AAT OAA AAC GGC AAC TAT GAT TAT TTG OTTTAT GCC GAC ff.coRV-i 

SIS? Sea. ID Ho i? 

©stBil CO AAT GAA AAC GOC AAC TAT GAT TAT TTG AGC TAT GCC GAC (EcoRV-l 

PIS? Ssq ID No I S 

iSstSI} CG AAT GAA AAC GGC AAC TAT GAT TAT TTG CCT TAT GCC GAC (EcoBV,) 

T18? Ssq 10 m IS 

<BstBB CG AAT OAA AAC GBC AAC TAT GAT TAT TTG ACA TAT GCC GAC <EcoRV«l 

Y197 SscsrDN»20 
mxm} CG AAT GAA AAC GGC AAC TAT GAT TAT TTG TAC. TAT GCC GAC -ScoHV-i 
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LAAMS4 

3AA&S2S 

LAAM28 
LAAM2S 



HIS? &80 iD No 21 

iBstBS? CG AAT GAA AAC GGC AAC TAT GAT TAT TTG CAC TAT GCC GAC i£co«V-* 

G19? $«<? !P NO 22 

®$t&ti CG AAT GAA AAC CSC AAC TAT £5 AT TAT TTG fiG C TAT GCC 6A£ iEcciBV-} 

01 g? Ssq ?0 No '23 

iBssBS; CG AAT GAA AAC GGC AAC TAT GAT TAT TTG CA A TAT GCC GA£ (Et:s>HV-i 

N1-97 Seq ID No 24 

(BmBn CG AAT GAA AAC GGC AAC TAT GAT TAT TTG AA£TAT GCC GAC. (ScoRV } 

SCi 07 Seq SO No 25 

ISssSS) CG AAT GAA AAC GGC AAC TAT GAT TAT TTG AAA TAT GCC SAC. 5£coRV-i 

PIS? SeqSONo26 
{8*81) CG AAT GAA AAC GGC AAC TAT GAT TAT TTG GAT TAT GCC GAC. (ecoRV-S 

E^57 S«q ID No 27 

IBsSBS; CG AAT GAA AAC 6GC AAC TAT GAT TAT TTG GAA TAT GCC G A£ {EcoRV-j 



C1S? Set? SD Ns 

fSstBii CG AAT GAA AAC GGC AAC TAT SAT TAT TTG TGT TAT GCC GAC iEetsRV-S 

•WIS? '$eq ID 'No 29 

(BstSSi CG AAT GAA AAC GGC AAC TAT SAT TAT TTG JM TAT GCC #C {SteoRV-j 

RI SK? Seq ID No 30 

mm CG AAT GAA AAC GGC AAC TAT GAT TAT TTG AGA TAT GCC GAC (EcciRV-S 



the cassettes were designed to destroy the ScoBV site upon ligation, thus piasmids 
from E dd# tfansformants were screened for loss of this unique site, in -.addition, the 
eob^rton bottom strand of the cassette contained a frame-shift and encoded s Well site, 
thus frsrtsf-ormants derived from this strand could be eliminated by screening for the 
presence of the unique Nsil sits and would not be expected, m any case, to lead to 
expression of active amylase. 



Positives by restriction analysis were confirmed by sequencing end transformed in 8. 
su&titfs for expression in shake-flask cultures {Fig, 9k The specific activity of certain of 
the M1B7X mutants was then determined using a soluble substrate essay. The data 
generated using the following assay methods are presented below in Table lit, 

SpluMe. Substrete Assay: A rate assay was developed based on an end-point assay kit 
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supplied by Megassyme SAust,} Fty, litd« Each via! of substrate {g.^nltrophdnyi 
rnaltohepteoside, vyas dissolved m 10ml of sterile water, followed by s 1 to 4 

dilution in assay buffer {SOinM mstimts. buffer, pH 6.7, SmM calcium chloride, 0,002% 
Twmn2Qh Assays were performed by adding 1 Opt of amylase to IBQpti of the 
substrata in a cuvette at 25*C. Hates: of hydrolysis were measured as the rate of 
change of absorpance at 410nm, after a delay. -of 75 seconds. The assay was linear up 
to rates of 0,4 absorption units/min. 

The amylase protein concentration was measured using the standard Sio-Rad essay 
(Bso-Rad Laboratories) based on the method of Bradford, M> 51976} Anal, Biochem, 
72:248) using bovine serum albumin standards. 

Starch H yd ?ol vs; s Assay : The standard method for assaying the aipha-emyiase activity 

of &Q8i#m$* AA20 was used. This method is described in detail in Example T of 

USSN 07/785,624, Incorporated herein by reference. Native starch forms a blue color 

with iodine but fails to do so when it is hydrolyxed into shorter dextrin molecules. The 

substrate is soluble tintner starch 5gm/liter in phosphate buffer, pH 6.2 {42.Sgm/iiter 

potassium dihydrogsn phosphate, 3.16gm/lfter sodium hydroxide}. The sample is 

added In 25mM calcium chloride and activity is measured as the time taken to give a 

negative iodine test upon incubation at 30°C. Activity is recorded in liquet ons par 

gram or ml (LU) calculated according to the formula; 

LU/ml or LU/g « „Jl2&~~ x 0 
V x t 

Where LU -~ iiguefor? unit 

V ~ volume of sample CSmH 
t ~ dextrinization time (fniputes} 

D ™ dilution factor = dilution yobma/mj o< g of added enzyme, 
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TABLE XII 

SPECXFIg .AC$IVl*rY fas; % oi &A20 valued on ? 

ALPE-f A-MMLASE Sol ufa^ Substrate Stargh 

Spezyme® M20 100 .too 

M form 105 lis 

HI SI. (A4 forss ) 93 94 

Ml 5L 85 103 

M197T (A4 forw) 75 B3 

K197T §2 81 

(A4 form) 88 8S 

H197C 85 85 

M197L (A4 forJS) 51 17 



ChMlcmdgtian of Variant MX§L 
Variant M1SL made ss per the poor examples did not show increased amylase activity 
(Table Ml) and was still inactivated by hydrogen- peroxide. (Fig. 7), It did, however, 
silo* significantly increased performance in jet-liquefaction of starch, especially at low 
pH as shown in Tabic IV below. 

Starch liquefaction was typically performed using a Hydroheatsr M 103-lvt steam, jet 
equipped with a 2.5 titer delay coil behind the mixing chamber and a terminal back 
pressure valve. Starch was fed to the Jet by a Moyna pump and steam was supplied 
by a 150 pel steam fine, reduced to 90-100 psl. Temperature probes were installed 
just after the Hydroheater jet and just before the back pressure vaive. 

Starch slurry was obtained from a corn wet miller and used within two days. The 
starch was diluted to the desired solids level with deiooized water and the pH of the 
starch was adjusted with 2% MaGH or saturated f^s 3 CO v Typical liquefaction 
conditions were; 
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Starch 32%-35% solids 

Calcium 40-50 ppm i.30 pprn Mdsd) 

pH S.G-6.0 

AJpha-amyie.se 1 2- 14 LU/g starch dry basis 

Starch was introduced into the jet at about 350 fhl/min. The jet temperature was held 

at VQ5°~10.7*C. Samples of starch weee transferee* from the jet cooker to a 93 °C 

second stage liquefaction and held for 90 minutes. 



The degree of starch liquefaction was measured. Immediately after the second stage 
liquefaction by determining the dextrose equivalence {0£} of the sample and by testing 
for the presence of raw starch, both according to the methods described in the 
Standard Analytica l Methods of the Member Comp^ 

A ssociation. ,}nc , sixth edition. Starch, whan treatad generally under the conditions 
given above and at pH 6.0, Will yieid a liquefied starch with a QE of about TO end with 
ho raw starch. Results of starch liquefaction tests using mutants of the present 
invention are provided in Table jV. 
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TABLE IV 




Var iants CM form) and M1SL in Starch ...Liquef act ion 

pB DE after 90 Hins, 





5.9 


& . 9 


Ml 5 L i A 4 form) 




10. 4 


Speayme® &A20 


« US 


■A- v v.- 


M15L (A4 form) 




2 * 2 


Spmzysm® &A20 


5,9 


9.3* 




3,9 




Spsssyisa® AA20 


S * 3 


3,25** 


HI SL 


5,5 


6,?** 


Spsasyme® A&2.0 




0.7** 


H15L 


£? * ■ j£J 


3 . 65** 



* average of tbree experiments 
** average of two experiments 



Example S 
Construction of Ml SX .Variants 
Following gsnsraiiy the processes described in Example 3 above, ail variants at MIS 
(M18XJ wars produced tn native A fotenifofmis by cassette mutagenesis, as outlined 
so Fig. IS: 

13 Site directed mutagenesis *via primer extension in sV1 1 3> was used to introduce 
unique restriction sites flanking the Ml & codon to facilitate insertion of a mutagenesis 
cassette. Specifically, a SslSI site at eodens 11-13 and a Mscl sits at codons 18-20 
were introduced using the two oligonucleotides shown below. 



MISXBstBl 5 f ~G ATS CAG TAT TTC GAA CTGG TAT A-3 ' 

BstBl Seq ID Ho 48 

HiSXMsel 5 * -TG CCC AAT SAT GGC CAA CAT TGC AAG-3 ' 

Mscl Seq ID Mo 49 
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2| The vector for M\ SX cassette mutagenesis was then constructed by subcloning 
the SfH-SstH fragment from the mutagenlsad amylase (Bst.B? t, Mscl 4~) Into piasmki 
pBLapr. The resulting piasmid was then digested with 8st8t and Mscl and the large 
vector fragment isolated by eieetroeiutSon from a polyaefylamide gel. 

3) Mutagenesis cassettes were crested as with the Ml 9?X variants. Synthetic 
oligomers, each encoding a substitution at codes 1 5, were annealed to a common 
bottom primer. Upon proper ligation of the cassette to the vector, the Msd is 
destroyed allowing for screening of positive tranaformanis by loss of this site. The 
bottom primer contains an unique SnaBI site allowing for the transformants derived 
from the bottom strand to be eliminated by screening for the SnaBI site, This primer 
also contains a framesbift which would also eliminate amylase expression for the 
mutants derived from the common bottom strand, 

The synthetic cassettes are listed in Table V and the general cassette mutagenesis 
Strategy is Illustrated in Figure 12. 
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s vn thes ig OX lson« s Xao fci de s used . f ox* ca ssa t t,s ^taq e&fe&ls 
to.. Produce M15X Variants 
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{BstBX) 
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GG 
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Saq 


ID 
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GO 
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Mo 


Si 
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ID 


SO 
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Ml SI) 


(gSfcSl) 
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Ssq 
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S3 
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CAC 


ceo 


AAT 


SAC 
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{MSCl ) 
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JO 


No 


S4 


HI S IS 


fBstSl} 


0 
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tss 


TAT 


j|AA 


ceo 


AAT 


OAC 
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(KscX} 


S«q 


its 


Mo 


SB 


M1SP 


( 'BstBIj 


C 


GAA 


TSS 


TAT 


CCO 


ccc 


AAT 


GAC 


GG 






ID 




56 


MISS 


{ BstBl } 


C 
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TGG 


TAT 


TCT 


ccc 


AAT 


GAC 


GG 


(HSCi I 


Se<3 


ID 


m 


$■? 


MIST 


(BstBl) 


c 
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TGG 


TAC 


MS 


ccc 


AAT 


OAC 


GG 


(Ksixi } 


Seq 


ID 


m 


S8 


mxsv 




c 
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TOO 


TAT 




CCC 


AAT 


GAC 


GG 


(KsscI) 


Seq 


ID 


Ma 


S§ 


HI5C 


(BstBl) 


c 
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TOG 


TAT 


TOT 




AAT 


SAC 


GO 


(mci) 


Seq 


ID 


Mo 


SO 






c" 
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TGG 


TAT 






AAT 


GAC 


GO 






m 


So 


sx 


Ml SB 


<BstBl} 


c 
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TGG 


TAT 


GAA 




AAT 


OAC 


GG 


{MscX} 


8©**; 


2D 


ac- 


62 


HISS 


( SSfcBX i 


c 


GAA. 


TGG 


TAT 


asx 


CCC 


AAT 


SAC 


GG 


'Ms el ) 


Ssq 


ID 


tio 


63 


mss 


'BstSll 


c 


GAA 


TGG 


TAT 




ccc 


AAT 


GAC 




fHSCX) 


Sec 


10 


Go 


64 


HX5K 


(BstBl ) 


c 


GAA 


TOO 


TAT 


ITT 


CCC 


AAT 


GAG 


GG 




Seq 


ID 


No 


65 


Hi'S» 


(BstBl s 


c 


GAA 


TOO 


TAG 


TOG 


ccc 


AAT 


SAC 


SO 


'Hsci> 


Ssq 


ID 


Ko 


S6 


M1SV 


<BstSX} 


c 




tss 


TAT 


TAT 


ccc 


AAT 


GAC 


m 


(MscX J 


Ssq 


W 


m 


6? 


MISX 
()SOtt« 


(Msei) ; 
m st r •?.!-: 


ec 
«3 
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ATT 
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T { 


SiStBX ; 


Seq 


in 


no 


m 



Underline indicates codon chassges at amino position IS. 

Co»e«rvative substittiftiona w®re made in acw cases to prevent, inttoduotion 
of «&■«• restriction sitsss. 
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Be nch Upuef action with Ml SX Vari arst s 
Bevgf! atpha-amyiasa variants with substitutions for MIS made as per Example 5 
were assayed for activity, as compared to Spezyms® AA20 {commercially available 
from Qenencor international, jncj in liquefaction at pM 5<S using a bench liquefaction 
system. The bench scale liquefaction system consisted of s stainless steel coil (0.2S 
inch diameter, approximately 350 ml volume} equipped with a 7 inch long static mixing 
element approximately 1 2 inches from the anterior end and a 30 psi back pressure 
valve at the .posterior and. The coil, except for each end, was immersed in a .glycerol- 
water bath equipped with thermostatically controlled heating elements that maintained 
the hath at 1 05-1 06°C. 

Starch slurry containing enzyme, maintained in suspension by stirring, was Introduced 
Mo the reaction coil by a piston driven metering: pump at about 70 ml/min. The starch 
was ■■recovered from the end of the coil and was transferred to the secondary hold 
(SB»€ for 8.0 minutes}., immediately after the secondary hold., the DF of the liquefied 
Starch was determined, as described in Example 4, The results are shown in fig. 16, 

Example 7 
Characterization of Ml 97 X Variants 
As can he seen in Fig. 9, there was a wide range of amylase activity {measured In the 
soluble substrate assay) expressed by the M197X |A4 form) variants. The amylases 
were partially purified from the supernatants by precipitation with two volumes of 
«thsn-ol and resuspension. They were then screened for thermal stability {Fig. 10) by 
heating at 9b ®C for .5 minutes in 1 SmM acetate buffer pH 5-0, in the presence of SmM 
calcium chloride; the A4 wild-type retained 28% of its activity after incubation. For 
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M%B7W and Mi.S7P we were unable to recover active ^otefn-from the sopernatants. 
Upon sequencing, the M1S7H yadaot was found to contain a second mutation., N190K. 
Ml B71 was examined in s separate experiment and was one of the lowest thermally 
stable variants. There appears to be a broad correlation between expression of 
amylase activity and thermal stability. The /fcmmformis amylase is restricted In what 
residues it can accommodate at position 197 in terms of retaining or enhancing thermal 
stability; cysteine and threonine are preferred for maximal thermal stability under these 
conditions whereas alanine and isoieuesna are of intermediate stability. However, other 
substitutions at position -f 19? result In lowered thermal stability which may be useful 
for other applications. Additionally, different substitutions at ■¥ 19? may have other 
beneficial properties,, such as altered pH performance profile or altered oxidative 
stability. For example, the M187C variant was found to inactivate readily by air 
oxidation but had enhanced thermal stability. Conversely, compared to the ft/11 971 
variant, both M197T and M1S7A retained not only high thermal stability (Fig, 10>, but 
also high activity (Table III), while maintaining resistance to Inactivatieb by peroxide at 
pH S to pH 10 (fig. 7). 



S|ifelity,,and,Perfgr,rr^ 
The stability of the M197T iA4 form), M197T and &U97A (A4 form) was measured In 
automatic dish care detergent (ADPI matrices. 2ppm Savinase** {a protease, 
commercially available from Novo Industries, of the type commonly used In ADD) were 
added to two commercially available bleach-containing ADD's; Cascade"* (Procter and 
Gamble. Ltd J and Sunlight'* (Unilever) end the time course of inactlvation of the 
amylase variants and TermamyP fa thermally stable aipha-amylass available from Novo 
Nordlsk, A/S) followed at 65 °C, The concentration of ADD product used in both cases 
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was equivalent to 'pre -soak" conditions: "%4§m product per liter of water (7 grams per 
gallon hardness). As can be seen {Figs, l is and 1 1h|, both forms of the M197T 
variant were much more stable than Termamyi** and M1S7A CA4 form}, which were 
inactivated before the first assay could be performed. This stability benefit was seen in 
the presence or absence of .starch as determined by the f pliowing protocol Amylases 
were added to 5ml of ADD and Savinase™, pfewarmad in a tost tubs end, after 
vortexing, activities were assayed as a function of time, using the soluble substrate 
assay. The "> starch" tube had spaghetti starch baked onto the sides f140°C» 60 
mms.h The results are shown in Figs. 1 la and 1 lb, 

Example 9 
Characterisation of M1SX Variant s 
A8 M15X variants were propagated in Bac0us sukttUs and the expression level 
monitored as shown in fig, 13. The amylase was isolated and partially purified by a 
£0-70% ammonium sulfate cut- The specific -activity of these variants on the soluble 
substrate was determined as per Example 3 (Fig, 141. Many of the MT5X amylases 
have specific activities greater than that of Spssyme* AA20. A benchtop heat stability 
assay was performed on the variants by heating the amylase at 90°C for S- min, m 50 
mM acetate buffer pH 5 in the presence of 5 mU. C&0 :1 (Fig, 1 5). Most of the variants 
performed as well as Spexyroe® AA20 in this assay. Those variants that exhibited 
reasonable stability in this assay (reasonable stability defined as those that retained at 
least about 80% of Speryroe® AA20's heat stability) were tested for specific activity 
on starch and for liquefaction performance at pH S.S. The most Interesting of those 
mutants are shown In Fig, IS. M15Q, N and T, along with I, outperformed Spezyme* 
AA2G in liquefaction at pH 5>S and have increased specific activities in both the soluble 
substrate and starch hydrolysis, assays. 
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Oenerally, we have found thai fey substituting far the methionine at position 15, we 
cwi provide variants with increased tew' pH-ti&s&fycii&n performance -and/or increased 
specific activity. 



Chloramina-T (sodium N-ehloro-p4Giuanesulfoniniidel is a selective oxidant, which 
oxidizes methionine to methionines sulfoxide at neutral or alkaline pH, At acidic pH, 
chlorarnioe-T will modify both methionine and tryptophan *Schec.hter, V,, Bursteln, Y. 
and Patohornsk, A. (1975) Biochemistry 14 (20) 4497-4503). Fig, 17 shows the 
inaetivation of 8. Itcbenitormis alpha-emylase with chtoramine-T at pH 8,0 (AA2Q 
0.65 mgfmh M197A « 1.7 mg/ml, M197L « 1,7 mg/mJK The data shows that by 
changing the methionine at position 197 to leucine or alanine, the inactivatidn of afpha- 
amyiese can be prevented. Conversely, as shown, in Fig, 18, at pH 4,0 insetivation of 
the M197A and rVS197L proceeds, hut require more equivalents of shioramine-T {Fig, 
18; AA2G ** 0.22 mg/ml, M197A « 4.3 mg/ml, JVH971 ~ 0.53 mg/mi; 200 mM 
NaAcstate at pH 4.0}. This suggests that a tryptophan residue is also implicated in the 
ehloramlns-T mediated inactivation event. Furthermore, tryptie mapping and 
subsequent amino acid sequencing indicated that the tryptophan at position 138 was 
oxidised by chloramioe-T idsta not shown). To prove this, site-directed mutants, were 
made at tryptophan 138 as provided below: 

Preparation of Alpha- Amylase Double Mutants W1 38 and MJ.B.7 
Certain variants of W138 (F, Y and Al wste made as double mutants, with M197T 
{made as per the disclosure of Example 3). The double mutants were made following 
the methods described in Examples 1 and 3, General ivvslngle negative strands of DMA 



Triptophan Sensltiv lt 




Oxidation 



3 



;4 



were prepared from an J$t3MPt8 clone of -the 1 ,72kb coding sequence (Pst l-Sst D of 
the & jiehmiformm aSpha-amyiase M137T mutant. Site-directed mutagenesis was 
done using the primers listed fce&w; essenuaify the ..imjh©.*? of Zolier, M. at at 
{1083} except T4 sens 32 protein and T4 polymerase were substituted for klanpw. 
The primers all contained unique sites, as well as the desired mutation, m order to 
identify those clones with the appropriate mutation. 



133 234 135 13$ 13? 133 239 14Q 141 142 .143 

CfvC CTA RTT AAfe. OCT TXC hCh Chf TT? 'CAf TT? Seq J.D No 42 

Hind £I| 

133 234 235 236 137 138 139- 140 Kl 142 143 

CMC CTA AT* ;»■?, GOT TAP AC* CAT TTT CAT TTT Ssg It) NO 43 

Hind 111 

iQ^ &^SteL-lM-J^-MiaE&M ~ ^ } us primer also engineers aniqwe sites 
upstream and downstream of the 13S position. 

227 120 22$ 230 231 132.: 133 134 13S 135 137 138 139 140 141 242 
C C(5C OTA ATT TCP OCA GAA CAC CtA hT7 AAA OCC OCA ACA CAT TTT SAT 



144 14 S 146 14? 

CCC COO COC COO Seq It? No 44 

Xma 2 



Mutants were identified by restriction analysts and W138P and W138Y confirmed by 
DNA sequencing. The W138A sequence revealed a nucleotide deletion between the 
unique BspE I and Xma i sites, however, the rest of the gene sequenced correctly. The 
1,37kb SstH/Sstf fragment containing both W138X and M197T mutations was moved 
f rom M13MP1S into the expression vector pBLepr resulting in pSLspr (W133F., M1S7T) 
and pBLapf (W138Y, IVH97TH The fragment containing unique BspE I and Xma I sites 
wee cloned into pSiapr IBspE I, Xma I, M197T) since It is useful for cloning cassettes 
containing ether amino acid substitutions at position 138 . 



35 

SUBSTITUTE SHEET {HOLE 28) 



$:nqi'n Mutations st Amino Acsri Positioning 

Following the general methods described in the phot; examples, certain single Variants 
of W13S if, Y, L H end C) were made. 

The t.24kb Asp?T8-Sst! fragment containing the SVH97T mutation in ptasmid pBLapr 
{W1 3SX, M187T) of Example 7 was replaced by the wild-type fragment with 
methionine at 19?, resulting m pBLepr iWtZSB, pBLapr CW138Y) and pSLapr S3sp£ |, 
Xma I), 

The mutants W138L, W138H and W13SC were made by legating synthetic cassettes 
imp the pStspr ISspE S, Xma 1} vector using the following primers: 



00 £S i C?&. Cs&j^k CX 5 .^ ^ifk'x O^VX X*Q[ i. Oj&*X ^T^iC^X 5 0 

Seq ID No 4 5 

CC C£s& GM C&C CTA ATT AAA <SCC CAC ACA CAT TTT CAT TTT C 



CC CCA GAA CAC CTA ATT AAA CCC T8C ACA CAT TTT CAT TTT C 



Reaction of the double mutants Ml 97T/yVt38F and M197TAV13SY with chlorsmtne-T 
was compared with wild-type IAA20 - 0,75 mg/ml> M137T/W13SF ~ ©.64 mg/ml, 
M107T/W13SY « 0,60 mg/mi; 50 mM MaAeetate at pH 5,0), The results shown in 
R§> 19 show that mutagenesis of tryptophan 138 has caused the variant to be more 
resistant to chforarnsne-?. 




Seq ID Mo 46 



Seq ID Ho 47 
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sequence LISTING 



(I) GENERAL INFORMATION : 

ii) applicant i QsmsmcoR intsrn^ional, INC. 

(Li) TITLE O? INVENTION; Ox idat iv« iy Stafc-la Alpha- Arciyl&se 
{iii.J MJMBER OF SSOLtKNCESs 0 

{ iv } COKRKSPO«C£SCB ADDRESS; 

{Aj AD DRESS SB; •Sensneor International, Inc. 
(&) STREET; ISO Kimball, fey 
<C) CITXs Soat.fe Sar> PraacXsc© 
(0 5 STATS; GA 

is;, country j ysA 

(F) SIPs 94080 

|v) COMPTER FORM; 

(A) MEDIUM TYRE; Floppy disk 

(B) COMPOTES XSH PC crorapaeiole 

<C) OPERATING SYSTEM; PC-DOS/MS-DOS 

{P) SOFTWARE s Pstsmfcls R^lsase ;n*0, version #1.2S 



<*ij CURRENT AFFLXCATXON DATA; 
(A) APPLICATXO?; SOMBER ! 
SB) FILING OATS: 
{ C) CLASSIFICATION s 

(viii ) ATTORHSY/AGBMT INFORMATION ; 

(A 5 fSAME; Horn,. Margaret A. 

(8) REGISTRATION NL'MSSR; 33,40:1 

(C) REFERENCE /DOCKET NUMBER; 

(A) TFLER8DKE: {4XS> 742-7S36 

(B) TELEFAX t {415} 742-7217 

{2} INFORMATION FOR SEO. ID NO? It 

(i) SEQtHSHCJS CHARACTERISTICS? 

{A.} MSSs 56 base pairs 
IB) TYPE ; nucleic acid 
{Cy STRANDEORSSS ; Pinole 
CD) TOPOLOOY? Xisjesr 

(U) MOLECUI.E ?o>es dra. iommxnm 

{*£■) SEQUENCE DESCRIPTIONS SEQ X» NOU : 
OATCAAAACA TAAAAAACCG GCCTTCCeCC COCCGCTTTT TTATTATTTT TCACxCT 
£2) rSFOaKATIOS POP SE§ IB NOiSi 

(i) SEQUENCE CBAjSACXBRXSTXCSj 
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(A) X>m&THi 2S tease pairs 

{B) 'Wp&'Sit vmcleic «sCic3 

(C) s single 

(D) yOK3LOSYJ linear 

(xi) HOLECULS TYPE s ONA {genomic} 



(jeI) SEQGSSWE DESCSXPTIO?*; SBS 2S> SO:2' 
SGGGACSCK5 GCGCAGTACT TSS&AfGGT 
S2> XOTQS&ATXOSf FOB. SSO 50' NO? 3s 

.LBNG'IH; 34 base pairs 
^E) Ti'FEj nucleic acid 
jjei STRANPSBNESS? single 
{») TOPOLOGXs linear 

(xi) MOLECULE TYPE: SKA- {genomic} 



(xi) SSOtflSNCE fi^SCRimeflli SSQ XO NO; 3; 

TG-fiTGC?vOm CTTTGAATGC TftCCT©COCft ATGA 

(2) X8FOR»&*X0« FOR SKO. ID ISO* 4 ■( 

(i) SEQUENCE CHARACTERXSTXCSs 
{&} LSHGT8J 36 fcass pairs 
fB) :TVF«$ nucleic aci<5 
(C) STfOVKDSDSSSSSi single; 
TO?Oi,03Y: linear 



(it) mtSCVL® TYPE; »«A <g«nc«8ic> 



(xi) SEQUENCE DESCRIPTION: SE« XD SO; 4: 
G^TCATTTGT tGTATGCCGA TATOSACTA* G&CCA? 

{25 mmmiMiOH sbq xa sojSj 

(i) SSQBSNCK CHARACTERISTICS* 
(h) LENGTH? 2.6 teas® pairs 
(S) TYPEs nuclsie acifi 
(C) STRARPEOtfSSS s single 
{8) TOFOLOCT; linear 

{ii> mt&CpLp ftm* BK& (genomic) 



(xi) SEQUS8CE OESCRXWIS*** SEO, 38 NCsSs 

CGGGS&MSA GGCCTfTACG 8T&GCT 

| 2 ) IHFOBH&TItai FOB SSQ XD KOifi: 

fi ! SigOEKCS eRARACXSRXSTXCS; 

| A) LENGTH; 34 base pairs 
'{&y TXEBt nwsxlaie acid 

(C) STSAT-JBSBKEESs siagie 

(D) TOPOLOGY s linear 
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{it} MOLECULE TYPE ; ONa (genomic) 



(2) INFORMATION FOR SZQ XO HO: 7: 

(i} SEQtJEJJCg CHaKACTERX&TX.CS » 
{A} tSNQTHi 23 base ,$airs 
(B5 tvp£c rsucleie acid 
{Cj STHAK BEDHESS * .single 
(D) TOPOLOOi"? linssar 

iii) mhtcm& type: mm. <g«j*emic.}.. 



SEeOSNCS DESCRIPTION; 53BQ ID 80s 7 s 

CTACGGGG&T GCAfACOGGA CGft 

{2} IKFORHATIO^' FOP. S£y> ID HOt8: 

(ij SEQUENCE CHA8AC?ESXSTX6Sii 
|aj LENGTH; 3S pairs 
(B) T's'PEc- nucleic acid 
{C) STBAtfaEOKESS * Single 
:.{•»:} TOPOLOGY s iio««r 

(ti) HG&SCt&E TYPE; DNa (genomic) 



{Sfi} SEQUENCE DEECRIETXORv SSQ t» »Ox8x 

mCtACeCCA COWWSSSAGft' CTCCO 3S 

it) ztmnwxtim for seq i*o?s: 

(i j SEQUENCE CK&R&CTKRXSXICS? 
{&} x,ejhstk: 36 base pairs 
{8} TYPE? nucleic acid 
(C) STRAKBEB8ESS: single 
{OJ TOFQLOCi - ? linear 

{ii> KOXECULE TYPSs CS& (genomic) 



{XL} SEQUENCE DBSCRXm©»J- SBO; Xts JJO;9c 

CCOGTCOCSC CS&8C8SCCC- TaTCTTGCCC $@&&A 36 

; 2 ; J K FORMA T .T QU FOR SEO. XO SO : 10* 

(i) SBQUEHCE CHfiPJiC'fPRXSTICS: 
;ft) L,g«CTH; 45 baa® pairs 
(S) TYPE: nucleic acid 

{C} stmmzmxssi simi* 

i D j TOPOXjOSYs .linear 
!ii? KOLECTJLS TYPSs O&a (genomic £ 
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CATCAGCGTC CCfcTTAftSAT XTGCAOeeXS 'OSCSSSACR^S .TJSCt 



|2> INFORMS.T'IOS FOR SEO JB 

(A) UWfHs 36 feass pair's 
{ S } TV' PV: : nucleic &ci<i 
(C) STRASOSONSSS* siasgife 
(S) TOPOLOGY v linear 

(ii) MOX.SCUI.E TYPE : »HA (genomic) 



{xi) SEQUENCE 0ESt*X*TXOSl! &m JO. fiOsXXS 

8AXXAXXTGC CEJTATGeeOR T&YCGACTAT tiftCCAX 35 

(2) XKFOBiSM'IOH FOR SEQ W 1*05 12; 

( i } SEQSJgHCS CHARACTBRtSYXCSi 
<A) X.ENGTH: 21 base pair*- 
i&) tXPEs nucleic acid 
(C) STBANOBOSESS J single 
CD) TOPOXOGVs linear 

(ii) MOLSCOLE T*P£: ONA (genomic) 



(Xi) SSQUSNCB 0«SCBIPTXO«* S©g JO tJOtiXs 
GGC&ASXTTC G&MXj&AMC 0 £J 
(2) X.»POaHATIO» n>8 S£Q JO HO: 13s 

(A) 3S basse pairs 

(B) .«uci«ic acid 
<C} SJ-RftNOSDNHSS: single 
0) TOPOLOGY: linear 

i ii) mXJ$Cm& T%mt »K* (genomic} 



(xi) SEQOSKCS SESCR JS^XOtfi SB©, *» 80s 23; 

CXOGKSCAT&T SCAT&TAATC &TMJTTGCCG tttfChtt 38 

(2) X3SFOAM&TXG8 FOR SBQ JO 14s 

|i) SEQUENCE CHABACTSS ISTSCSc 
(A) LENGTH: 41 base pairs 
i 8 • TYJ : E : in.;c.. Us ic acid 
(C) SfRANOSONSSS:- single 
{0} TOPOLOGY' ; linear 

<:U) MOLECULE TV PS: OSS (genomic) 



(Jtl ) SEQUENCE DESCRIPTION c SEg XO NO: .14: 
OSAAXGAAAA CGGCASC3S&T GATTATTTGA -SCTAfGCCGA C 4.1 
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pct/usm/oisss 



i?.) xmostmsion won ssq it> wosis?: 

{ i j SEQUENCE CM&H&CpjAXSTXes f 
{A) X^HSfCTBs 41 fo?>se pairs 
(8) TYP?- s nvit-Jeic acid 
(G) STRfcNOF.DNESS : singi 8 
(0) ^TOPOLOGY: linear 

<ii5 mox<ecv;..s type: oka (ggndmic} 



{ ss i J SEQUENCE OKSCgXFTIOPi SI$ : IB SO :3.5s 

CSA&TCA&AA CGGCJACTAT «mW9? -*?e?A3S3COGA C 

(2} mWQmhTXQK FOR SB2 JO NO: 16: 

(i) SEQUENCE CHARACTERISTICS;! 
{ft) LE$C£ii« 4.1 feasses pairs 
{■&) TYPE i nuclaic acid" 
{£) STRASOEOSSSSs single 
{ 0 } TOROLOG V : i inear 

f 11} MOLECULE TtVEi MA {g«»©J»iS> 



SEQUENCE DESCRIPTION; ESQ JO SO: .16: 

e&SATKAAAS CO0CAACTAT GATTATT-mC TfTASOCCGA C 41 

SKEOfcMATIoy Wk. SEQ JO KC-sI?t 

|i) SEQUENCE CHARACTER! STieSi 
' ' -{AJ tsmiWi 41 base pairs 
(B) TYPE? nucleic acid 
|c) STRANOEWNESSx single 
(0) TOPOUXJXt linear 

fix) mv&cxvs -rswi »»a. i^mm^ 



(xi) SEQUENCE OESCSIPTX0!*; SEQ 20 SO; 17 ; 
CGAAT8&A&A CGGCAACtA? OATTATTTGA -OCTATSCCSA C 41 

{2} mm^mton for sec t» noxxs: 

<i} SEQUENCE CRARACTSRISTXCSf 
{&} LENGTH: 41 fcase p&itS 
(B) irsfPEs nucleic acid 
£C) STR&NDBPSSESSj airsgls 
(0) TOPOLOGY j lirsear 

<ii> MOLECULE T3TP8* OKA * genomic) 



{Xi) SBgOBSCS PESCKXmON? SEQ IP NOilEf 
CGAATGAAAA CGGCAACfAT aATfATTJ/SC CTTATOCCSA C 41 
(2) XSEORH&ftON PGR S-EQi XO {SO* IS? 
(i) BSQt^OS CH&RpsmHJS^ICSs 



41 
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{&} mmTHi 4% tease pairs 

?B) Ti'PS: nucleic acid 

(C) STRftSOgPKES-S* single 

(S3 j TOPOLOG? : linear 

( i. i. ) MOLECULE TYPE* DM& (genomic) 



csaatg»»&a c^ccaactat g&ttacttoa cmhmmm c 

(25 T8F0RH&2IO8' FOR m.Q tU HOs20* 

(i) SSQOSKCE CHARACTERISTICS: 
(h) LSNGXH* 41 base pair's 
(S) T¥5?S* mscleic acisS 

fOj topology linear 

(11} &Ot£CO&E TTPSs BH& fgeftcssic ) 



(Xi> S«QW^C£ DESCRIPTION SS.Q "IS SO; 20s 

aSSATSAMA 080CAACTAT OATTATrTC-T ACTATSCCSA C 41 

(2) INFORMATION FOR SS£s 80*21: 

(i) SWJEiJCE CKA»»CTSRXStICS s 
(A) LSKGTHs 41 bass pairs 
(8) T3fFE* nucleic acid 
:(CJ STR&NDEDSESS* single 
1X3} TOPOLOGY: linear 

jii) W&XtCVLZ Ttms fifth (genomic) 



|>?i) DESCRIPTION; SKO. X0 8f6s 21 f 

CGA&tG&AM CGQCA&CTA? OATTATTTSC RCTATGCCGA C 41 

(2 5 2NFORM3VfIOS FOR SSQ 10 SO: 22? 

(i) SEQUENCE CHARACTERISTICS* 
(a) LEHGTHi 41 oass |*airs 
<S) TXPEt ««ciei« acid 

(C) STPAHOEOKESSs single 

(D) T0P0I.OGV" : linear' 

{ 1.1) TYRE* OK* (genomic) 



(Si s sesterce description seq XD SO? 22; 

CGAATSA&AA CGGCAACTAT GATTATTTSS SCTATGCCOA C 41 

< a ) ituvomtaim for sm x*» «o*23s 

(i) SEQUENCE CHAKACTEElSTlCSx 
(A) LENGTH; 41 base pairs 
(8) TYRE; nuclei©- acid 
(0> StmmzmSSSi Single 
{0 } TOFOt-OGY : linear 
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(iij MOLECULE TYPE: ffif (genomic;} 



;x.i j SSSCKimOH: SEQ ID NO-. 23: 

CGAM'G&&ftA G&TTM'TTOG AATATOCCSA 0 41 

<2> I^FGRMxWlOS FOR S&O 10 NO: 24: 

(i) SEQOEKCS CHARACTf.B J.STICS : 

(A) LENGTH i 41 base pairs 

(B) TYPE; aucleie acrid 

(C) STR&N0HD8.E SS s single 
(£>) TOPOLOGY? lihear 

{ii> molecule type: dh& (genomic) 



Cxi} SEQUENCE SSQ 10 HO; 24; 

CSAATSk^fe CGGCAACT&T G&TTM'TTGA ACTATCeCSfc C 41 

(£) mwamk'ixon for $.k§ io- so*2Sj 

{ i } SEQUENCE CH&R&CTBjs*. I S'TI OS s 
(kj LEN&THi 45 te«S» pairs 
££) types nucleic acid 
(C) STSAKDECHESSs s.i.ngisi 
{©:) TOFOLOGYJ linear 

Jii) MQLECtJiE TXPEt » {genomic* 



<xi> ,S'E$US8CE : SE£> X8 HOt'feS* 

90UtTSJ&M OSOCftACtAT GATTM'TTGA AATATGCCGA C 41 

(2 J 1 8 FORMAT XOK FOK SEO. S» H0s2Ss 

(L) &tiq&mm CHARACTERISTICS; 

<&) LENGTH? 41 bsss pairs 
(Bj TYPE; nucleic acid 
(C) STRRSSDEDISSSS; single 
<U> TOPOLOGY: linear 

<iiy HOX.SC0X.E TSP&i VMA {ganoraicrj 



(xij SEQfcSSe® DESCRIPTION; SEO, 2» SO; 26s 
CGAaTGA&AA CGGCAACTAT O&TTATTTGG »ttatgccsa C 41 

(2) itimmhtion for ssq xo wos2?: 

(A) LENGTH: 41 bass pairs 
<S> TYPE; nuclei©' aeia 
{&y STPAHSEQHESS; single 
(Dj TOPOLOGY ; linear 

jii) MOLSCOLE TYPES OH$ igsnoraic) 



SUBSTITUTE SHEET (JWLi 26) 
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CSMTGKiM (temkhCtm G&TZZjrSTGS .^ATGOdSA C 41 



<2) imom&Tio® for ssq id ho? 28: 

(1) SSQ«£S?C£ CH&S&GTEEXSXXCSs 
<«} LE8GTH; 41 base pairs 

(B) TXF£: nucleic acid 

(C) STRANOEDHEKS s; single 
<»} TOPOLOGY j linear 

(ii) MOXECllLE fXPEs {genomic) 



•(Xi) SEQ0S8CE DESCRIPTION SEQ 10 H0:2S: 

OGJUmSftAAA C£GCS&£XAX GATTATTTOT 6TATTSCCGA C 41 

{2} INFOSHATIOS EOK S£Q 10 KO?29s 

(1) SEQUENCE CHAR&CXBRXSXXCS ; 
{&) LStfeTH: 41 base pairs 
(B) TYPE « nucleic acid 
<C) SXH&HOgOKESSt single 
|P5 TOKSLOGYj linsar 

{ ii) .MOLECULE T^PS : DiiA (genomic) 



(xi) .SEQUENCE SESCRXPtJOJH ESQ X8 8Q$2Si 
COMfSAMft ©SOCAACXa? «&TTATTTOT SGTATGCCGA C 41 
(2 j Xm-QWJiTlQS FOR EES XT) mi 30 x 

i±) sequence caASAcrr siust ics * 

{A} LSN8TB; 41 base pairs 
(B) TXPEc nucleic acid 
{C) StBAHOBUEESS j single 
(0J TOPOLOGXi linear 

(ii) HGLECELS DMA <g«no«ic) 



<M) SEQUENCE OESCRimOH? SBfi ID KOiW% 

c&m^mm cmcmcz&y sarxarrrsA c&t&tcccsa c 4 i 

f2) XNFQKH&XTON FOB &BQ IB JJOsSli 

(15 SEQUENCE cmPACTERXSTSeS: 

LENGTH.; 1§68 base pairs 
|8) TYPE*, na.de i-e acid 
fC) SXRANDEONESSj- sirsgle 
(D) TOCOLOGY s linear 

{ii} MOLECULE XXEEs D8& {genomic;) 



{xi} sequence DESC&iP'rxom esq iu 1*0*31* 

AGCXTGAA&& &STSftl«m&6 C&G&OASOCT *X!XSJaiX&»S. TG&CTAGAA& SCGCC&X&XC 60 
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wo j^.mmmm 

Gscacrrrrc miGSMss »mxMss Ma^ofte freriMa^ mz&<mmm 120 
xxatacaacs xcataxg-xtt cmmm&hh &sfmmm& axcm's^aac mcwusas.cs a so 
GCT?rAcsee CG&tTGC'z&h cGCTO-rmiT -xccec^TC .• cssbctgc <Sscat$ctgc 240 

&SCAGCGGCO CCMATC^Tfe A-rGG^AGOCT GATGCAS<rAT TXT8AAXGGX AC&TGCCCAA 300 
TGACSOCCAA CM"TGSMSC GXXXGGAAAA eGACXCGGOA T&MTGGCTG AftC&CGGT&T 360 

TscxGccaTC sssXttccgc QQ&ckTmm Qm&hmme gaagcggatg TooocmcGG 420 

TGCTTAC6AC CTXXATGATX ?A©^A<3*? fCAXCAAAAA SGGACGGXXC <^ACAAASTA 480 
CGSC&CSWiM AATOTOCGAX' 0AAAAG1?a« CAtTCCCGCG $40 

TT&CGSGGAT GTGSXCAXCA ACC&CaAftGQ &S&a$G£QZX GCGACCGAAG ATGmACCGC 600 
SGXTGAAGTC SATCCCSCTS ACCeeft&CCG CGfAftSTTCR- GGmZ&CACC TAATTAAAOC 660 
CXGG&CftC&T TDTCA*WTC CG©GG<S*0&3 CAGCACATAe AeaS'aTXXTA AM'GGCATTG 730 
GXACCAmt GACGG&ACCO AT!TGGGACGA GTCCCSAAXG CTSAACCSC* TCTATMGTT "?80 
TCAAGSAAAG GCTTQGGATX GGGAAGTTTC CAAtEGMAao CGCMCTATG AXXAXTTO&T 840 
GXAXSCCGAC AXCGAXXATG ACCAfCfcTQA XGTCSCAGCA OAAAXXAAGA 43AT06GGCAC 900 
XXGGTATSCC AATOAAOXGC AAX^GGACGG TTTCCSXCTX G&XQCTGTCA A&C&CArPAA 960 
ATXTTCTTTT TTOCOOGftTT GGGTSAAXC& TGTCAGOGAA AAAACGGGGA &GGAAAXCXT 1020 
fACGGTAGCT <3AA£ATTGGC AGAATGAGTT GGGCGCGCTO OAAAACtfATy XGAACA&A&G 1080 
AMTXXXAAT CATTCAO'TGT TtGACG^GGC CCTTCAXXAX GAGTTCCATG CTGa^TCGAC 1140 
ACAGGGAGGC CCCTATGATA XOAGOAAATT GCTGAACGGT ACGOTCGTTT CCAAGCATCC 1200 
CTTGAAATCG GfrACAtfTG XCGAXAACCA TGAXACACAG CCOOGGCAAT CGCTTGAGTC 1260 
GACXGXCeAA AGM'GCTXTA AGCCGCXTGC TShOSXTTST ATTCTCACAA GGG&ATCTGG 1320 
AtACCCXCAG GTITTCTACG GGGATATGT& COGGACGAAA GGAGACTOCC AOCGCCAAAT 1380 
TCCTGCCTXG AAACACAAAA TTGAACCOAX CXXAAAAGCG AGAA&ACAOt ATSCSTACGS 1440 
AGCACAGCAT GAXX&TTTCG ACCACC&TGA CATTGTCCSGC TGGACAASOG AAGGCGAGAG 1S00 
CTCOGTXGCA AAl'tCAGGTT XS8CGGCATT AVfAACAG&C GGACCCGGTG GGGCAAAGCG IS SO 
AATGXAXGXe GGCCGOCAAA ACGCCGGTGA GftCAXGGCAT GACATTACCG GAAACCGTXC 1620 
GOASGGGGTT GTCATCAATI COGAAGGCTG GGGACAGTXT GACGTAAACG GCGGGTCGGT 1680 
TTGh&tttm GTTCAAAGAT AOAAGAGCAG AGAOGACGGA fftCCTOM© SAAAXCCGTT J 740 
TTTTT&TXXX GCCCGTCTTA tato«K«f XGAT^ACATt TTATAATTAA XT&A CAAA 1800 
G^OTCATCAG CCCTCAGGAA GOACTTGCTG AC&GTTTGA& TCGCAXAOGT AAGGCOGGGA .1860 
TGAAATGGCA ACGXXAXCXS ATGl^GGAAA GAAAGC&AM' GTSXCGAAAA TOACGGTATC 1920 
6CGGQTGATC AfcXCAXCCXS mmmmm GGAXSAATrO A&AAAGCT 

(2) xmovmaiCM for skq m hg>32; 

Hi Smmm® CHARACTSRXSTXGGs 

(A) hm-iCTUx 483 amino acidss 
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£B) TVPKs amino- aclti 

{ C) STfcAMCEBiJSSSs sin-sis 

{£>) TOCOLOGY; linear 

(il) HGLSCOLS TOT; protein 



(xi) SSSOESCS iSESC&XPTXOHr SEQ ID- HQs 32? 

Ala Asn £&u -A«n Glv Thr Lew mt Ola Tyr Phe GIu trp IVr Hat Pro 

i s ib is 

Asa Asp Glv5 Gin His Lys »r«j. Las Glx? Aers A»p Ssr Ala Tyr Lea 
20 25 SO 

Ala Slu His ©ly lie Thr Ala Val Trp lie '*r© Pro Ala Tyr Lyss Giy 
35 40 4S 

Thr S«r Gin Ala Asp Vsi ©ly Tyr Gly Ala Tyr Asp U&n Tyr Asp Leu 
SO SS 60 

Sly ©Xu Phe ills Gin Lv* Giy f hr ?al »f Thr Lys tyr Gly Thr Lys 
65 ■■ 70 73 80 

Glv Glu Leu din Set Ala lis fcy*- sss ley His Ser Arq Asp lie Asa 
8& 90 9S 

Val t-vs Glv fcsp Vsi Val II© Asm His S,y» ©ly Sly Ala Asp Ala Thr 
100 ICS 110 

©la A»p Val Thr Ala Val GL« Val Asp Pro Ala Asp Arp: Asm Arc? Val 
115 120 13 S 

lis Sar Glv Siw His Leu tie Lys Ala Trp Thr His Pise His fefce Pro 

130 " ' ' 135 140 

Glv Arg Gly Ser Thr Tyr Ssr Asp phe Lys Trp His Trp Tyr His Phe 
150 IBS 160 



Asp Glv Thr Asp Trp Asp ©la S«r Ar<? Lys Leu h&n Km lie Tyr Lys 
I6S 170 3?5 

She Olr* ©ly Lys Ala Trp Asp Trp ©iu Val Ssr Asn Gi» Asa Sly Ask 

180 ' ' 185 ISO 

Tyr Asp tfyx Ket Tyr Ala Asp Xla Asp Tyr Asp Mis Pro Asp Val 
195 200 205 

Ala Ala Gia 11® Lys Are? Trp Gly Thr Trp Tyr Ala Asm ©la Lea Gin 
210 ' 215 220 

tm Asp Giy Phe Arc? Leu Asp Ala Val Lys Bis lie Lys Pha ser S>he 
22S " " 230 235 240 

Leu ?.rg Asp Trt> Val Asa His val Arg sly Lys Thr ©ly Lys GIw Met 
245 250 255 

Phe Thr- Val Ala ©Is Tyr Trt> G la Ass Asp Lay Sly Ala Leu ©iu Am 
260 265 270 

Tvs Leu Asa Lys Thr Asn Fha Asa His Ser Val Phe Asp Val Pro Lew 
27.S 280 2SS 

His Tyr ci» Phe His Ala Ala Sar Thr Ola Gly Gly Glv Tyr Asp Met 
290 295 300 

Arg Lys Leu Leu Asa Gly Thr Val Val Ser Lys His Pro Leu Lys Sac 



46 

siBSiimif sheet mm 



WO 94/18314 



vcimsnmwsj 



30S 310 31S 320 

Val xm Fhss val -&*o Asa His Asp *hr Gin Pro Giy Gin Sar Leu Sla 
32S 330 33S 

Ser Thr Val Sin Thr "3?rp Phe Lys Pro I*eu Ma Tyr Ala Pne lie Leu 

345 350 



Thr Arq GS.lu Bex Sly fyr Pro Sirs Val Phe Tyr Sly Asp Mat Tyr Giy 
3SS 360 MS 

Thr LvS CUv Asm Set Gin Ar§ Glu lie Pro- Ala Leu Lyss His Lys 21a 
370 ' ' 375 380 

Slu Pro 11a X8U Lya Ma Arg Lye Gin Tyr Ala Tyr Giy Ala .Sin His 

39 & 400 



Asp lyr Phs asp His His Asg 'XX*' THr Arg Glu Giy Asp 

405 4X0 4 IS 

Ser S©3f Val Ala Asn S«r Sly t*ta> : Ms Ala Lea lie Thx Asp Giy Pro 
420 428 430 

Giy Giy Ms Lys Arg He* Tyr Val Giy A.rg Sin .Asm Ala Giy Oiu fjh'r 
43 S 440 445 

Trp Bis Asp lis Thr Giy Asm Arq ser Glu Pro Val Val lie Asn &er 
450 455 



Glu Glv Trp Giy fSiu *h» Hiss Val Asa Giy Giy Sfixr Val S»r lie Tyr 
465 " " '"' 470 47S 480 

Val Sin htg 

{2) mmmmsim fob ssq m mx33i 

(1? SEQOEHCS CHARACTERISTICS.* 

(&) lEfSSTH; STi srain© acids 
<B) TXP&s amino aeid 
{05 S'TRAmSDKSSS ; single 
{») TOPOLOGY 3 linear 

(ii) MOLECULE TYPE? protein 



(Xi) SJg$G8f?CE DKSCS2PT20SS SEQ 10 KO;33; 

Met Lyss Sin Gin I*ys Arg Loa Tyr Ala Arq t©« leu Thr Lay Leu Pha 
1 5 10 IS 

Ala %mt He Phe Lew Leu Pro His Ser Ala Ala Ala Ala Ala Asa Leu 
20 25 30 

Asn Sly Thr Leu ««t Gin Tyr Fh® Clu Trp Tyr Het Pro Asn Asp Giy 
35 40 45 

His Trp lys Arg Lew (Sin- Asn. Asp Ser Ala Tyr Leu Ala Gia His Giy 
SO ' 55 60 

II© Thr Ala Val Trp lie Pro Pro Ala Tyr Lya Giy Thr Ser Sin Ais 
65 70 73 80 - 

Asp Val Civ Tyr Giy Ala Tyr Asp L®« Tyr Sep Leu Giy Giu Phe Mis 
8S 90 95 

Gin Lys Giy Thr Val Arg Thr LyS Tyr Giy Thr Lys Giy Giu Lau Gin 
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vetmsmmssji 



lot 



110 



Ssr Ala lie Lys Ser 

us 

Vai Vai Us Asa His 
130 

Ala Vai aiu Vai' Aap 
145 

His L©« lie Lys Ala 
X6S 

Thr Tyr Ser Asp Phe 
180 



h&n His Ser lira Asp lie Aan Vai. Tyr Cly Asp 
120 12 S 

lays Gly Sly Ala Asp &ia Xhr-6I« Asp Vai Tbr 
135 140 

Fro Ala Asp &r<j Asrt Arg Vai XI® Sar Giy Gin 
ISO 1SS 180 

.$rj» Tnr His Fhe His £h« Pro Gly Art? Sly Ser 
170 1?S 

£vs Trp His Tro Oyr His Phs Asp Sly thr Asp 
185 190 



Trp Asp Gla Ser Arcs tvs X»©« Asn Arg lis Tyr Lys Pne Gin Giy Lys 
ISS gGO 205 



Ala Trp hsp Trp Giii 
210 

Met Tyr Ala Asp lie 

22 S 

Lys Asg tvp cly Thr 
245 

Ar« Lea Asp Ms vai 
260 

Vai Aan Bis Vai Arc? 

Giu Tyr Trp Sin Asn 
290 

Thr Aan Pba Asa His 
305 

His Ala Ala Ser Tnr 
325 

Asn Gly Tbr Vai Vai 
340 



Vai S*t Asn Glvi As« Giy Asn Tyr Asp Tyr Lmt 
21S 220 

&st> Tyj? &a» His P*o Asp Vai Ala Ala Slxs Xle 
230 ' 235 240 

Trp Tyr Ala Asn Slu 3U©« Oln X>sa Asp Gly Pha 
250 255 

S&» His lie Lys Phe Ser Fn« S*ns Aro, Asp Trp 
265 270 

Slu fcya Tfer Giy Lys Gla Mat Phe Tnr Vai Ala 
280 285 

As» Law Gly Ala L*a Gin Ask Tyr Leo. &a« Lys 
2 §5 300 

Ser vai Ffe© Asp Vai Pro Leu His Tyr Gin Mm 
210 315 



Gin Gly Sly Giy Tyr Asp Mat Arg Lys Lea Law 
330 335 

Sar Lys His Fro Leu Lys sar Vai Thr Pbs Vai 
34 S 350 



Asn His Asp Thr 



G-Irs Pro Gly Gin Ssr leu Gl» Ser th£ Vai Sin 
360 3SS 



Trp Pfee Lys Pro 
370 



Giy Tyr X'r© Gin Vai 
385 



Leu Ala Tyr Ala Phsa lie Leu Thr Aro Ql» Ser 
375 380 

Phe Tyr Gly Aso Hat Tyr Sly Thr Lvs Giy Asp 
390 305 400 



Ser Gla Arg Slu XI® 
40.5 



Sxo Ala X»eu Lys His Lys lie Sl« Pro lie 'Lau 
410 4IS 



Arg Lys Gin 
420 



Tyr Ala Tyr Giy Ala Gin His Asp Tyr Phe Asp 
425 430 



His His Asp lie Vai 
435 



Giy Ti'o tnr Arg Ola Sly As© Sar Sar Vai Ala 
440 445 



isn Sar Gly Lew Ala 
4S0 



Ala -Lea- He Thr Asn Gly Pro Glv Glv Ala Lys 
455 "460 
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Aro Met Tyr Val Gl? tecs Sin Xsfi Ma Gly Sih Thr Txp His Asp lie 
4 Si 5 " 470 4?S 480 

Thr Gly Rsn Ar« Set: Ola Fro Val Val lis Ask -Ser Gl» Sly Trp Sly. 

485 490 49 S 

Gl« &m His Val Aan Sly Sly Ser V«l Ser lie Tyr Val Gin Arg 



;;;; X.SFOKHRTJOS P08 SEC; 18 HO siAx 

{ i > ssgmmcB cmmcTmxmt ic&t 

(&) LENGTH $ S2G .mim acids 
{8} TYPSi amino acid 
{€.} STFts^SKfiKSSSs single 
(ts) topology ; linear 

(ii) HOLECULE TYPE* -protein 



(x.l) SSOySNCE SSSSCHIPTIOR: SEO IS HO; 34 s 

Met. Arg Oiy &rg Gly Asn Met II© Gin lys Arg Lys Arg Thr Val Ssr 
I ' S 10 15 

Ph« Arg L&tt Val Le» Mafe Cvb Thr -tmi i>eu Phe Val 'Ser I»eu Pro tie 
20 25 3D 

Thr Lys Tor Ser Ala Val Asn Gly Thr Law Met 61 n Tyr Phsa Gly. Trp 
3S 40: 45 

Tyr thr Pro As« Asp Sly Slri His Trj> I»ys Arg : J*e« : Gin Asn Asp &la 
SO 55 SO 

Glu His &eu Ser Asp lie Gly lis Thr .Ala Val Trp XI© Pro Pro *1* 
m 70 ?5 80 

Tyr Lys Sly £eu' Ser Glh &m Asp Ash sly Tyr Gly Pro Tyr Asp 
SB 90 9S 

Tyr &«'» Lea Giy Glu *htf Sirs Glri Lys Sly Thr Val. Arc Thr Lys Tyr 

ioo ibs xio 

Sly Thr tm Ser Gi» !<©u Gin Asp Ala lie Gly Ser lim His Ser Arg 
1'IS 120 135 

Asn Val 01s Val Tyr Gly Asp: Val Val t<eu Asn His kys Ala Gly Ala 
130 * 135 140 

As» Ala Thr Giw Asp Val Thr Ala Val Glu Val Asrs Pro Ala Assrj Arg 
145 150 155 160 

Asm Gin Glu Thr Ser Glsr Glu Tvr Gift lie Lys Ala Trp Thr Asp Ph© 
165 170 175 

Arg Phe Pro Gly Arg Gly Asa Thr Tyr Ssr tef PSie Ivs Trp His Trp 
180 185 190 

Tvsr His Pha Asp Gly Ala AS& Trp Asp Glw Ser Arg Lys lie Ser tag 
195 200 205 



lis Pha X,y» Phfi Arg Gly Glu Gly Lys Ala Trp Asn Trn Giw Val Ser 
210 * " 215. ' 220 

Ser Glu Asn. Civ **» Tyr Aap Tyr Ls« Kst Tyr Ala Asp val Asp Tyr 
225 230 235 240 



soo 



90S 
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Hi® Pro Asp Val Val Ma eia Tte Lys Lys Trp Sly lie Irp Tyr 
34.5 250 255 

Ala Asn Ol» £*»» Ser. »sp- Sly Phe Arg lie Asp Ma Ma fcya Sis 
260 265 270 

lie Lvg Phe Se-r Pha Arg Mp Trg Val «X» Ala val Arg Git} Ma 
275 280 2SE 

Thr SXv liys Gl« Msst Phe Thr VM Sia Giu Tyr Trp Gin Asa As* Ala 
■290 * 295 300 

ClV Lvb L«u Gla Tyr Las Asn 2.y* fhr Set Pfte &s» Sin S«r Val 
305 " 310 315 320 

Phe &s» Val Pro X<#» «i» Pfe Asn Leu Ola Ma Ma Ser Ser Gin Sly 
32 S 330 33 5 

•61v Sly Tyr Asp Met- Arq Arcs ten I<aa Asp Giy Thr Val Val Ser 
340 345 350 

Mis Pro oiii l»vs Ala Val Thr £h« Val Slu Asn His Asp Thr 01» Pro 
355 " 360 3SS 

Gly Gin &«r Law Gl«. Ssr Thr Val Gin Thr tv-p Pfee ly& Pro Lay Ala 
370 375 380 

Tyr Ala Fae lie Leu Thr Art? Sitt ,Se» Oly Tyr Pro Sin Val Phe Tyr 
385 350 395 400 

Gly hap het Tyr Gly Thr Lys Gly Thr Ssr Pro Lys Cl« lie Pro gar 
405 4.1.0 415 

fcetu Lys .as© Asa lie. 0X» Pro XI*. Leu Lys Ma &rg tys Gla Tyr Ala 
420 425 430 

Tyr Civ pro sin His Ast> Tyr XI* Asp Bis Fro Asp Val Tie Sly 3Prp 
435 440 44 S 

Thr Arg Glu Gly Asp S&x Sar Ala Ma t»y» Sar Gly Leo Al« Ala Law 
•450 4SS 460 

XIa Thr h&» Sly Pro Gly civ Sssr Lys Are. Met- Tyr Ma Gly L*« Lya 
465 470 * ■ 475 480 

Asa Ala Oly Olvs Thr Trp Tyr Asp lie Thr Gly Aan Arq Ssr As* Thr 
485 490 49 S 

Val Ivs 1X0 Sly Ser asp civ Trp sly Cl« Phe His Val Asn Asp Sly 
5G0 ' SOS 510 

Sar val Ser Xla Tyr val Gin hys 
515 520 

(2) I SFOPK&TIOK FOP SSQ IS HO; 3S s 

(i) SSSUEhCE CHABACTERXSTXCSi 

(A) LENGTH : 548 amino aeids 
i B } TYPX : amino acid 
{C} STRAH0EDMKS5;. sslngla 
{0} TOPOIiOSXs linaar 

illy -MOLECULE TYPEt prota-ln 



(xi) TOfflCB DSSSCPIPTXO^:: SEQ: .*& SOs35? 
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V«sl Leu Thr Pha His Arg lie He Asa LyS Gly Trp Met Phe Leo Law 

J S 10 IS 

Ala -phe Lssa tew Thr Ala 'S<& Lew Phs Cys Prd Thr Gly Arg His Ala 
20 25 30 

Lys Ma Ala Ala Pro Pfee Asa Sly Thr Mat Mat C<i« Tyr Pha GIu trp 
35 40 45 

Tyr Lou Pre Asxj Asp Gly Thr L®« Trp Thr Lys Val Ala Asn Glu Ai« 
SO ' ' 55 60 

A»a Asa Leu Ser s©r- Law Gly 11® Ma £©« §er Leo Pro Fro Ala 
65 ?0 75 SO 

Tvr Lvs Sly Thr Sar Arg Ser Asp Val Gly Tyr Sly Val Tyr Asp Leo 
SS 90 S3 

Tyr Asp Las Sly' Qlu Phe hah Sin Lys Gly Thr Val Arg Thr: Lys Tyr 
100 10S 110 

Gly Thr Lvs Ala GXa Tyr Leo Sin Ala lie Cln Ala Aia His Ma Ala 
IIS 120 123 

sly Met Sin Val Tyr Aia Asp Val Val Ph« Asp His Lys Gly Gly »s 
130 135 140 

Asp oiv Thr da Tr» v«X A»p Ala Val Glu Val Asa Pro Sss Asp Arg 
145 " " ISO 1SS 160 

Asa Gin Oi« 11* Ser c-iy Thr Tyr Clxs 216 sin Ala Trp Thr Lys Fhe 
MS 170 175 

A«t» ?h» Pro Gly Arg Gly Asm Thr- Tyr Set Ser Phe Lys Trp Arg Trp 
ISO l ; ;:, 190 

Tyr His Phs Asp Sly Val Asp Trp Asp Glu Ser Atr<3 Lys Lsvs Ser Arc 
19S 200 20S 

lie Tyr Lys Phe Arg Gly lie Sly Lys Ala Trp Asp Trp 61« Val Asp 
210 2X5 220 

Thr Glu Asn Gly Asxs Tyr Asp Tyr L«u Met Tyr Ala h*p L«« Asp mt 
22S 230 225 240 

Asp His Pro sl« Val Val Thr Slw Leu Lys Asm Trp Gly Lys Trp Tyr 
24S 250 2SS 

Val As« Thr Thr A»» lis Asp Sly Phe Arg Law Asp 01 v Leu Lvs His 
260 265 " * 270 

He Lys Phe Ser Phe Pha Pro Asp Trp Lea Ser Tyr Val Ar« Se'r Gin 
2fS 280 285 

Thr Sly Lys Pro Lou Phe Thr Val Gly Glu Tyr Trp Ssr Tyr Asp lie 
2SQ ' SOS 300 

Asa Lys Lea His Asa Tvr Lis Thr Lys Thr Asn Glv Thr mt Ssr Lew 
305 "* 310 315 320 

Phe Asia Ala Pro Leu His Asa Lys Pha Tvr Thr Ale Ser Lys Ser Gly 
325 330 335 

Sly Ala Pha Asp Met Ar« Thr Leo Met. Thr Ass Thr Le« Met Lys Asp 
040 345 350 

Ola Pro Thr Leo Ala Val Thr Phe Val Asp As« Hiss Asp Thr Asn Pro 
3SS 360 365 
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Ala Lvs Arg Cya Sar His Cly A#g Pro Trp Phe Lys Pro &«« Ala Tyr 
3?0 " 3??S 380 

At a She Tie Thr Arcs Gixi: Gin Sly S»ro Cva Yal Pha Tyr Gly 
385 390 3*S 400 

Asp Tyr Tvr (Sly Il« Pro Sin Tvr hen. lie Pro Ser x.s« Lys Ser Lys 
405 410 415 

IX® asp Pro Le« Lew lis Ala Arg arc,; Asp Tyr Ma Tyr Gly Thr GIk 
420 423 430 

His .asp Tys-" Asp His Ser Asp Jls lie Gly Trp Thr Arg Giw Gly 
43S 440 445 

Val Hhx GlW Lvs Pro Gly Ser Sly Leu Ak Ala Leu lis Thr Asp Gly 
4 SO 4 55 460 

Ma Gly Arq Ser X,yst Trp Ket Tyr Val Gly Lys Gin Hi» Ala Gly Lyss 
4SS * 4?0 475 480 

Yal Piie Tyr Asp Lew Thr Gly &s« Ar§ Ser Asp Thr val Thr lie &sn 
485 490 495 

Ser Asts Gly Trp Gly Glu Phe Lys Vai A»« Gly Gly Ser Val Ser Val 
S00 505 S10 

tap Val Pro Aro Lys Thr Thr Val. Ser Thr lie Ala Arg Pro lis Thr 
515 520 525 

Thr Arg Pro Trp Thr Oiy Gi« Phe V«l Arg Trp His Clu Pro Arg Leu 
530 535 540 

Val Ala Trp pro 
545 

(2) XNPGPKATTON PGR SE§ 10 J?Os36s 

(i! SWEHCS CHARACTER SSTSGS; 

(A) LSSSSSTHs 483 ataxo© aeidss 
?S> Tr5*Es awino as id 
<C> STRAl*0£BJ*£SSs King!® 
<£>> TGP0I.OGV ; linMr 

fii) K0LSCULE XXFSi proroio 



(jsi) SES0BHCE USSCPIPTIORs SEC. ID hOx3&; 

Ala Asn Leu As« Cly Thr- Leu Met Sin Tyr Phe Glw Trp Tvr mt Pro 

i 5 " id is 

Asm Asp Glv Gin His Trp Lys Arg L*« Gin Asn Asp Ser Ala Tvr Lew 
20 ' 25 30 

Ala (sixs His Gly lis Thr Ala Val Trp lis Pro Fro Ala Tyr Lys Oiy 

35 40. 45 

Thr Ser Gin Ala Sop Val Glv Tyr Sly Ale Tvr Asp Lou Tvr Asp x<eu 
SO 55 60 

Glv Giu Phe His Gin Lys Gly Thr Val Arq Thr Lys Tvr Glv Thr Lvs 
6S 70 75 SO 

Glv Giu I»att Gin Ser Ala lie Lye Sir Lta Sis Ser Arg Asp lis Asn 
85 9G ' 9:5 
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vcTftmwtsss 



Val Tyr Sly Asp Val Val lie As« His Lys Sly Sly Ala mt> Ala Thr 
100 105 HQ 

Siu Asp Val Ala Vail Glu val asp Pro Ala Asp' &rg Asn Arg Val 

US 120 125 

£1© Ser Oly Glu His L®u lis Lvs Ala Tre Thr His Fhe His J?J»« **© 
130 135 140 



GXv Arg Oly Ser Thr Tyr S©r Asp Phs LyS Tro KIs Tro Tyr His 

1:45 - " iso ISS ISO 

Asp Sly Thr Asp Tr» Aap Glu Sef Arg Lys LSu Asn Arg He Tyr Lys 
165 170 .V?S 

Pha Sin Sly Lye Ala Trs> Asp Trp Ola Val S«r Asrs Glu Ask Sly Asn 
180 IBS 190 

Tyr Asp Tyr Leu Tfcr Syr Al* »»© Si* Asp Tyr Asp His Pro Asp Val 
19$ 200 205 

Ala Ala Glu lie Lys Arg Trp Sly Thr Trp Tyr Ala Asn Slu Isu Sin 
210 21S 220 

Leu Asp Sir Phut Arc? Lee Ast> Ala Val Lys Bis XI® Lys Phs Ser Ph© 
223 230 235 240 

Law Ar<s Asp Trp Vai Asm His Vai Arcs Glu Lys Thr Sly tye Glu Met 
245 ' 3S0 23 5 

' Phs Thr Val Ala «l-w Tyr 'Oln A#n Asp Leu Sly Ala Lay Glu Asa 
260 26S 270 

Tyr Lew ask -frm Jphs Aha Ph* Asa His $ar Val Phe Asp Val Pro Leu 
275 280 285 

Hie Tyr Sin Phe Bis Ala Ala Sear Thr Gin Sly Sly Sly Tyr Asp «st 
290 2 35 300 

Arg Ly« Lew Leu Aan Giy Tor Val Val Ser Lys His Fro Law Lys Ser 
305 310 315 320 

Val Thr Phe Val Asp Asn His Aao Thr Ola Pro Sly Gin Ser Leu Glu. 

325 330 335 

Ser Thr Val Ola Thr Trp Ph« Lvs Pro Leu Ala Tyr Ala Phe lie Leu 
340 " 345 350 

Thr Ara Glu Ser Sly Tysr Pre Gits Val Phe Tyr Sly Asp M®t Tyr Sir 
355 * 360 ' 365 

Thr Lys Oly Asp S©r Gl« Arcs Glu lis Fro Ala Lew Lys His Lys tie 
3?0 SIS 380 

Glu Fro Ik Leu Lye Ala Ara Lya Sin tyr Ala Tyr Giy Ala Gin His 
385 390 395 400 

Asp Tvr Phe Asp His His Asu Ua Val sly yrp Thr Arg Glu Giv Asp 
405 410 4iS 

S«r Ser Val Ais Asa Ssr Sly Leu Ale Ala La« Ii» Thr Asp Oly Pro 
420 425 430 

Giy Gly Ala Lys Arg Met Tyr Val Oly Arc Gin Assi Ala Sly Glu Thr 
43 IB 440 44S 

Trp His Asp Xle Thr Sly Agn Arg Ser Glw Pro Val Val lie Aen Ser 
450 455. 
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<5lv Tr» Gly Oiu Ffee His Val :.&s» Siv Sly Sec Val Ser XI© Tyr 
i&g ' 470 4?S 480 

val Sin Arg 

{2) XKFQRKATXOJ3 FOK SEQ ID HO: 37 J 

{ij grosses CHARACTERISTICS; 

(») lekotH; 487 amino, acids 
(B) TYPE i atB3.no aeid 

<C) stbai-jdeosesss single 

IQ) TOPOLOGY? linear 
•ii} MOLECULE ftmi proteitt 



Ala Ala Ala Ala Ala &sn Leu 3&n Gly Thr &©u Hst 0i« Tyr S»he Slu 
1 5 10 IS 

'Pro Tyr Met &xq A«« Asp Siv Sin His Trp Lys Arg Leu Gl« Assn Asp 
20 25 30 

S*r Ma Tyr L®« Als Glu Hiss Sly He Thr Ala Val Tr? lie Pro Pro 
3S 40 45 

Ala "tyr tve Civ Thr s®r Slo Ms hep Val Sly 1y» Gly Ala Tyr Asp 
SO ' 55 SO 

Leu Tyr h&n I* Gly Clu j?h« His sin Lye Gly Thr Vsl Arg Thr Lys 
SS * 70 7.5 SO 

Tyr Sly Thr Lva Sly £l« I«e« «i» Ser Ala lie Lye S«jr is-u His Ser 
" SS 90 '3S 

arg Asp XI© &sxs Val Tyr Sly Asp Val Val XI© ftsm His ty*. Sly Sly 
100 105 no 

Ala Asp Ala Tiar ©la Asp Val Thr Ala Vsl «lu Vsl 'A8» Sr© Ala Asp 
1XS 120 125 

Arg A8« Arg Val He S«r Gly Gla His Leu lie Lys Ala Trp Thr His 
130 135 140 

Fhs Hits s>he *ro Sly Arg Gly Se* Thr tyr Ser Asp Fhe Lye Trp Hiss 
145 ISO 155 160 

Trp Tvr His Pfts Asp Glv~ Thr As* Trp Asp Ola Ser Arq Lys Leu Asn 
165 170 178 

Arq XI© Tyr Lys Phe Gin sly Lys Ala Trp Asp Trp Slu Val ser km 
ISO 185 190 

Sla &sn Sly Asn Tyr Aep Tyr ie« Het. Tyr Ala fcsp XI® Asp Tyr Asp 
195 .200 205 

His Pro Asp Val Ala Ala Siu XI© LyS Ara Trp Glv Thr Tro Tyr M« 

a io sis 220 

Asn OXu L©u Gin .Lew A®p Gly Ph® Arg Leu Asp Als Vsl Lys His XX© 
225 230 23S 240 

Lys Pha Ser Phe X.eu Arg ksp Trp Val Asa His Val Arg Glu Lys Thr 
245 250 255 
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Giy hys <3i.u Mat. Ph?s Thr Val Ala Glu Tyr Trp Gin Asa asp Law Sly 
260 265 270 

Ala Leu Glu As-n Tyr Leu &a« Lys Thar Asa- Phe. Asa His Ssr Val Phs 
275 2 80 285 

Asp val Pro Len Sis Tvr Gin *>he His Ala Ala Sm ftf Gin Gly Gly 
290 295: 300 

Glv Tvr Asp Met Arg hys Lew Leu ftsn Giy Thr Val Vai Ser Lye His 
SOS * 310 315 320 

Pro Leu Lvs Sar Val Thr Vai Asp Asm His Asp Thr Gin Pro Gly 
325 330 335 

Sin Ser Lsu Glu S»r Thr Val Gin: Thr Trp Phe Lys Pro Lou Ala Tyr 
340 34S; 350 

Ala Phe lis Law Thr Am Sitt Ser Gly Tyr Pro Gin Val Phs Tyr Gly 
3SS 360 365 

Asp Me« Tvr Gly Thr Lys Giy Asp Ser Gin Arq Glu lie Pro Ala 'La a 
370 " 3?5 380 

Lvs His Lvs lie Gin Pro Tie L»a. Lya Ala Arg Lys Sin Tyr Ala Tyr 
385 390 3§S 400 

Giy Al« Gin His Asp Tyr fha As© His His Asp lie Val Giy Trp Thr 
405 ' 410 415 

Arg Glu Glv asp Ser Sen Val Ala Asn Ser Gly Leu Ala Aid Leu lie 
420 425 430 

thr Asp Gly Pro Gly Gly Ala Lys Ar<? Met Tyr Val Gly Arg Gin Aan 
435 440 445 

Ala Gly Gin Thr Trp His Asp Tie Thr Gly Asm Arg Ser Glu Pro Val 
4 SO 45 S 460 

Vai 21© Asn Ser Gin Giy Trp: Gly Glu Pha His Val Asn Giy Gly Ser 
48S 470 4?S 480 

Val Ser lis Tvr Val Gin Arg 

48:5 

{2} xmomm.Txon tok sbo; id w>t$$t 

{ i ? SSQ0ENCE CHARACTERISTICS? 

(A) LENSTB? 32 ajsioo acids; 

(B) TYPK J asaino acid 

(C) STRASOSOHSSSs single 
fO) TOPOLOGl': linear 

Jii) K0E.ECUX..S TYPE* protein 



(xi) SEQUENCE OSSCRXPTXe?f5f SSQ 10 

Mat Lvs:- Gin Gin Lvs Aro lau Thr Ala Arq Leu .Lew Thr Lou Leu Phe 

i a" 10 is 

Ala Leu lis Phe -Leu Laa Pro Mis Ser Ala Ala Ala Ala Ala Asn Lois 
20 25 30 



(2J INFORMATION FOR SZQ ID MO?3§s 



55 



WO M/IS3I4 



(A} tvfSSTKi 33 araifio acids 
< B j TV PS; amino acid 
(C) STRANDEOHESS * gingisa 
(03 TOPOLOGY ; Xins&r 

(Li) <HOX.ECU.LE TYPE; pxoterm 



U&t Asrq $e* I»y» Thr Lew 'Tfp Xi« Ser I»ew fceu Pfr© Ala Leu Thr tea 
3 5 10 IS 

lie ph® Thr Met Ma Phe Ser Asn Met: Ser Ma Qln Ala Ala Siy Eye 

20 SS 30 



(2) X8F0KMATI0H FOR SB$ XD S6t.4'0i 

(A) LENGTH: 3S assinc acids 
{»} ii'PS : assino acid 

(C) single 

(D) TOPO.OOCVc linear 

'ii> MOLECULE TYPEi protein 



SgSUBKCE Bt!SCRXPTXa8« ££Q ID SO? 40; 
Met .Acq Ser Lys Thr Lew Txrp XI* Ssr Lea Lew Phe Aisf Lew; fcfcr Lew 

i s xo as 

Jle Ph* T*sr K«t Ala Phe Ser Asa Met Se« Ate Gin Ala Ala Ala Ala 
20 2S 30 

Ala Ala Asn 
3S 

( S ; XKFORKATXOK FOR SSfi 10 S0.«:41s 

(i| .SEQS3SHCB CHARACTER! STIC8 * 

{A} LENGTH: 32 amino aci<3« 
fS'j TYPE; assaino acid 
(C) STEANOEONESS ; single 
{ D ) TOPOLOGY: linear 

(ii) &QLSC0XB TSfPRs protein 



{xi.) SZQVmCS OHSCRI'FTION; SBO. XD iJO;4Xs 

Met Art? S»r Lys Thr Lew Xre Xle S«r l»ew Lsu Phs Aia Le« Thr Le« 

1 " 5 10 IS 

Xle Phe Thr Mef Ala. 3?he SSf ASK 8efe Ser Ala Gin Ma Ma Asa Lew 
30 2S. 30 

{2} XNFORMRTXO& FOR SSQ/JB UOsASs 

{ i i SEQUENCE CHARACTERISTICS j 
(A) LENGTH ; 33 tease pairs 

S08STM SHEE1 PILE m 
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{M} TYREx nwcXeic: <stO-ld 
iC) STE&E&EOEESS.J 8ifl$l& 
i T.i • TOKOLOGY; iiW#x: 

Hi) MOLECULE TYPE* DNA {geK&avic) 



SEOUEKCg DESCRIPTt<MJ : s : «E8 «Oi42i 

CACCTAATTA AAGCTTTCAC JM»T*tfJ?&*9? 33 

{2) IKVQXm&ZOH FOR SSg XO J86;43; 

<i) SEQUENCE CHAH&CXKRISTICS;. 
(A) LSNOTB: 33 base pairs 
<B) TypB* nticlsle. *cict 
(C) STRANTJSBHESS: single 
(Jj) TOPOLOGY? linear 

J 11} MOLECULE TYPE: BSSA fgenoaslcs) 



*xi} SEQUENCE DESCRIPTIONS SSO 10 SOi43t 

c^cctaatta aagcitacac Ac&rrrrcA? ttt 
{2> .-mnmiMucm for seq is sg;44« 

|i) SEQUENCE CHRKACtfSKlSTiqS-.* 
CAji LENSTBx 6& base pairs 

(B) 'TJfflEf- nucleic acid 

(C) STKA80EB8BBS* single 
i'D) TOPOLOGY? lis^ssar 

{i£ : j MOLECULE ttPBt 0KA fgsnmic} 



<xi} SEQUENCE DESCRIPTION; SKS X» SO«44f 

CCSOCGTAftn 1 TCCGGAGAAC ACCTAATT&A ASCCGCft&CA CATTTTCATT TTCCCGGSCG 60 

CGSCAG 66 

(2) IHS'ORMATION FOR SEQ ID K0;4Sx 

(.ij SEQUENCE CHARACTERISTICS x 
| A) LENGTH: 42 biiea pairs 
}&} TYPSs nucleic acid 
(C> STRAHDEBNESSx single 
?£) TOPOLOGY : linear 

{iij KOLEC0L5S TYPE* OKA ^gerscsmiK} 



SSgOEOCS DESCRIPTION : SSO it> NO; 45: 

CCOOAS&&CA CCTAATT«ft& GCCCTAAC&C ATTTTGATTT TC 42 

(2} tmomHATim FOB &EQ -ID M©3 46s 

;i '! SEOEEBCB CHARACXEEXSTICSs 
<;A) LESOTBs 42 base pairs 
*;s} TYRE; nucleic acid 
|c) STRANDBDNSSSi si««i« 



5? 

masniMTE sheet pn ail 



WO : 94/IS3!4 



PCT/y IS53 



t.O) TOPOLOSXc 
{11} MQLECOLE TYPE 5 ON?V (genomic) 

<*C6GXOMC& OCTAWAAA: MtTTCATT* TC 42 

(2) XSFORHftTXOff FOR SSO XD '80**7.* 

(i) SEQUENCE CHASAC1*E«XS3?IC$: 
(ft) LENGTH % 43 base pairs 

■ (Cj z single 

( b } yoHJtoo* $ l iss ar 

(£i) TYPE: 0N& (gairomie) 

(xi) SEQUENCE DSSCSXPTXO^; SSQ IB S5Qs47s 
COSSft.O*&C& CCTJ^TT^A OCCTSSCSCStC XttTSChTST tC 42 

(2) tmaHnh'TXon for s«§ 10 MOs4^< 

(15 SEQUENCE Cam^CTERtSfXCSs 
(ft) LEKGTH: 24 basse pairs 
•(»} TfPEs nnclaie acid 
(C) STRANDS DSESSs single 
{.0| TOPOLOGY ; lin*ar 

<ii} MOl&WhZ TYPE-. < genomic) 

G&TOCMf&T 'TSCSWkCPGS TaTA 24 

|2| : X»FOBKRtXO» FOR BSD. X!3 3*3149; 

fi) SEQUENCE CHARACTERISTICS s 
(A J LENGTH; 26 base pairs 
{85 TYPE i nucleic acid 
(C) STRftNUSDNKSSj single 
fp) topology: linear 

(ii) HOEHOJLE TXPE? UNA {genomic} 

REO^HCE DESCRIPTION? : X> .80-* 49$ 

TSCCCaATSA T6SCC&ACRT TGGA&S 26 

(2) INFORMATION FOR SEQ IS HO s 50s 

<i) CHASACXKRISTlCSt 

{&) LENGTH? 24 base pairs 

( B } TYPE : R««fiai« at: id 

|C5 STR&ND'££5K&£S t single 

{ D j TOPOEOG ¥ ; linear 

(ii) MOLECULE TYPE* J3N& {genomic} 

SB 
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Cxi) SSQWSSCE DESCRIPTION: SEQ ID -.NGs-SS; 

CGA&TGGT&T GCTCCCAATG &CGG 24 

INFORMATION FOR SSQ IB SOxSli 

(1) SSO^gJSCS CHMU^TERISTJCS* 
(&} LENGTH* 24 bass pairs 
{B'j TIPS; nucleic acid 
iC) 8T$&mmm$2it. - single 
{D} topology j linear 

{ii} MOLECULE TYPE; SKfc S genomic) 



<xi) SEQUENCE OSSCRIFTIOUs- S3S§ : tS SO: Sis 
©GAATGOTAT COCCCCAAXG 

12} x0mm$xcm for seq j® sosS2s 

(i> SEQUENCE CHARACTERISTICS} 

(A) LENSTHs 24 base pairs 

(B) TYPEi nucleic acid 
iC) STRAHSEDSBSSj single 
|0) TOPOLOGY s linear 

(ii,5 MOLECULE TYPS: 0N& (genomic} 

{-xi} SEQUENCE »ESCR2**X©il-j SBQ ID 80s 52 s 

CC&ATGST&T MTCGC&&TG 24 

{2} INFORMATION FOB. SEQ IB »tS3; 

{£} SfQ»S«Cg CHAR&CTB&XSTXCSt 
{kjj tENSTHs 24 base pairs 
|»J TYPBs nucleic acid 
| C } STRANSBBNES5 i * ingle 

<D) TOEOL-OGXs linear 
{11) MOLECULE T»£s DMA <gssnomic) 



Jxi) SEQUENCE 8ESCR2PTIOK; SEQ 10 SO; 53 s 
CQAATGG7AT GATCCCAATG AC&S 24 

{2) xmomm$ZQn for seo. ib nq*&4s 

{ijt SBO^ESCS CH&RACTSaiSTIOS; 

(A) LENGTH : 24 teas® pairs 
f8) TYRE t nucleic acid 
<CJ STRANLELKESS : single 
0) TOPOLOGY; - linear 

(ii) MOLECULE TfFEs DRA {genomic} 

<xi) SEQUENCE DESCRIPTION; SSQ 10 .»p»54« 
CGMTOGTAT CACCCC&ATG &CGG 24 

§3 
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(2} XmOWi&TXCm FOR SEQ ID NOsSS; 

{A} LENGTHS 24' fease pairs 

; 2} TYFS; nucleic atid 

|C> STK&HGS.OagBB ; single 

jo) TOFOLOGYJ lirsaar 

(ii) KOESCGLS TV-P2'J »KA (g«HW>i<!) 



<xi) SSQUFJ3CK OSSCKXPTIOK* SBC; 153 JSpiSSs 

OGAATQOTAT MftCCC&M'S ACGG 24 

{2} XKFOSm&nOJS FOR SEQ 10 SOsS&i: 

{.■ij SSQOEHCE CHARACTERISTICS! 
' {&) LENGTH; 24 Ssase pairs 
(8? TY¥Bi nucleic acid 
(C) STBAHDBOMKSSj single 
fO) TOPOLOGY: linear 

< ii) MOLECULE TYEEs J>m {g&norx-,Lc) 

<xi) SE00E8CL DgSCSJPTIOiSi SEQ JO NOiSS; 

CGAATCCTAT CaSCCC&SSS ACGC 24 

(2) INFORMATION FOR SEO. JO NO:S7: 

(1| SEOJBOCK CHARACTERISTICS s 
{&) LENGTH i 24 tease pairs 
!'8) TYPE: nucleic acid 

(C) STRANOSOHBSS; single 

(D) TOPOLOGY •« linear 



(11) m&&CQL& T5fJ?E-r f§©no$»ic) 

(xi) S»«OE»GE SBSCRJFTIOWi SB'S X.B SO«S?s 
CG ASVTG G TAT TCTCCCAATG &CGG 24 

(2) mTotmmim fob ssq m mim* 

fi) eHARRCTEPXSTXCS ; 

{&} LENGTH x 24 base pairs 

i;s; TYRE s aueleie acid 

«?j SSRftflOSDHSSSi single 

<.0} TOPOLOGY j linear 

{11} MOLECULE TYPEs m& i genomic) 

fj£ : l) SMQUmCB LESCMPTiOMs SS<2 JO HO: 58; 
OGAATGGTAC ACTCCCASTG &CW 24 

(2) mtommTism fob seb ss ssoiSSi 

{' A } LENGTH : 24 fea se pair s 

SO 
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(B) TYPE; auclftle- acid 
.(C) S$R&N&SBN£SS's single 
(S) TOPOLOGY; linear 

Jii.) MOLECULE rs'ESs (geaomici 



CG&ATCC-TAT STTCCCaA'm ACSS 54 

C2) FOR SE& X» J?0*Ms 

(1) SgQSSJJdg CHARACTKRISTVCS; 

(h) LENGTH i 24 has® pairs 
(B) Ti?PEs nucleic &ci*3 
{C} £mftM5S0&ESS5 stiftgle 

(ii) MOLECULE STPSj 08* (genomic} 



(xi j SE0t)S8CE OSSCRXPTIOM; SEG- I'S «OsSSs 

CC-AATGOTAT ACQS 24 

(2 } XNFOPlMimOJf FOR SBQ 20 SO; 61 ; 

(15 SEQUENCE CHftK&CTSRiSTXOS.? : 
fk) LENSTH s 24 bass pairs 
(E) SYPEs smelts ic acid 

(C) SXRANOSSNSSS ; single 

(D) TOPOLOCXf linear 

{ii) KOESCgLJS ftpSt BS& (gencsssic) 



(xij SWJSSCS DESCRIPTION: SSQ XO 80s 61; 
mmZ&Sf&S C&&CCC&.&TG M50G 24 

(2) zm&m&'zxm for seo. id so? 62* 

(i) SBfifaSNCS CHRRRCTERISTlCSi 
(hi LENGTH ; 24 base pairs 

(B) TYPE; nucleic acid 

(C) STRANOKONKSS; single 
(0) TOPOLOGY; linear 

(ii) MOXJ8CULS T'fPKs 0Rfc (genomic) 



i x.v ) SEQUENCE RESCRIPT.? ON i 5E§ ID &OsS2: 

qeAAssstrstT gaaccca&tg m»g 24 

(2) INFORKftSIOS J?08 SEQ 10 MOsOj 

(i) SEOUEMCE CHASACTEaiSTICSs 
{£) LEJS&TBs 24 base jatirs 
{B| 3?WEs »uciei« acid 
(C| .SSB&KDED8ESS*' single 
{») topology j linear 
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fiij MOLECDXE VZXPMi !3» i genomic] 



fxi) ■SEQOENCE DESCRXPTIONi SSQ ID NOife-S; 
COi^USSTA* OOTCCCAASS ACG6. 

(i) immmyim for seq m mxMi 

(A) tprSJH* 24 basse g*i*e 

(S) TSttPBt rsac laic acid 

(C) &T&&m>£DN£SS« airsgle 

(0) fOPOLOGi"? linear 

{liy MOLECULE T*.PB.i <9WQpggc> 



fxi) SEQUENCE DBSCBXFTIOHi SEO. ID SOf 64* 

GGR&TpGt&T ATTCCCA&TG AC&G 

{2} 2 fi FORMAT X OK FOR SEO. 10 NOsSSi 

|i> SBQUBJSCS CU^RftCTBaiSTXCS : 
{&} IiEKOTH j 24 base pairs 
(Sj *X*Ex nucleic acid 
<C) STRANOEONESS s slrsgle 
TOPOLOGY : Xineai 

fii} TJTPSs SKA fgsnoraic.J 



: (Xi) S®0«E&CS£ DESCRIPTJOHt ESQ ID HOffelVi 



CGAATSSTAT TTTCCm&TG ACOO 

{2} XfH?CRHATXON FOR SEQ ID HO*6&i 

(1). SEQUENCE CHARACTERISTICS* 
(&} X»EJ5STHs 24 base pairs' 
(B? TriPSs Bwcleic acid 
f.C) STR&NDEDSHSS&s single 
(V) 9OR0LQOY; linear 

(ii } MOLECULE $5? EE s 88A ( genomic) 



(Xi) SBQOB»CB ©ESCRSPSXQ8? SEQ XD 80:66; 

CGAATOOT&C T0SCCCA&TS RCGG 

( 2 } IfiFGRMATZOK FOB SEQ ID N'O; 67 : 

(i) SEQUENCE CHARACTER? S^tCS'j 
(ft) tiBRGTRs 24 base pairs 
<B) TYPS-s jsuclaic acid 
(C) ST8ftfS»E»8BSS«. single 
(B) topology t linear 

J li ) MOLECULE TSTRSs Dh'A (genomic) 
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CGAATOQT&T TAXCCC&M' , e ACGG 24 

iZ) im-amm-sion for its no; 68: 

(A) LCTC-THs 24 base fair* 
'{B> TV'fEs nacl«s*c acid 

TOPOIiOGy* linear 
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WHAT IS CLAIMED IS: 

1. A mutant aipha-amylase that is the expression product of a mutated DMA 
sequence encoding an aipha-amylase, the mutated DN A sequence being derived from a 
precursor aipha-amylase hyine deletion or substitution of one or more oxidteebte amino 
acids selected from the group consisting of methionine, tryptophan, cysteine and 
tyrosine,- in the precursor alpha-amysase. 

2. A mutant alpha-amylasa of Claim 1 wherein the oxidizable amino acid to foe 
deleted or substituted is a methionine in the precursor alpha-amylase equivalent to 4-8, 
+ 15:, +197, +256, + 304, +366 or +438 in Bacifhs //c/?ewfom?/s elpha-smyiase, 

3. A mutant aipha-amylase of Claim 2 wherein the substitution or deletion is at a 
position equivalent to ivt + 137 in 8, i&hmifomvs alpha-amyiase. 

4. A mutant aipha-amylase of Claim 3 wherein an amino acid selected from the 
group consisting of alanine,- isoleucine, threonine and cysteine is substituted for 
methionine at a position equivalent to + W? in 5. Ucbmiformis aipha-amylase. 

5. The mutant alpha-amyiase of Claim 4 which Is IVV197T, 

8, A mutant aipha-amylase of Claim 2 wherein the substitution or deletion 1$ at a 
position equivalent to M + 1S in 8. Ushmtformm alpha-amyiase. 

1, A mutant aipha-amylase of Claim & wherein an amino acid selected from the 
group consisting of leucine, threonine, ssparagins, aspartate,, serine, valine and 
isoleucine is substituted for methionine at a position equivalent to + 1 5 in 8. 
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8, The mutant aipha-amyiass of Claim 7 wnich is 

0, A mutant alpha-am ysssa of Claim 1 wherein the oxkfeabie amino acid to be 
deleted or substituted is a tryptophan in the precursor aSpha-amyiase equivalent to any 
tryptophan in B, fisfrmiforms aipha-arnyisse as shown in Seq ID No 32. 

10, A mutant alpha-aroylase of. Claim 9 wherein the substitution or deletion is at a 
position equivalent to VV138 in B. ffchmtformis alpha -amylase. 

1 1, A mutant alpha-amylase of Claim 1 comprising at least two substitutions In e 
precursor aipha-amylasa at positions equivalent to 4-1.5, * 138 or + 10? in B, 
fichmmmm alpha •amylase > 

12, A mutant aipha-amylasa of Claim 1 wherein the precursor alpha-amylase is a 
Sdcititis alpha-amylase. 

13. A mutant alpha-amylase of Claim 12 wherein the precursor is selected from the 
group B, ftchmffarmfs, B, stesroiheoiipphiiuSi and &. emylofiQuefsctetis. 

14. A mutant aipha-amytase of Claim 13 wherein the precursor is Bacifkts 
Imhemfomvs ai pna-amyla se . 

15. A mutant alpha-amylase of Claim 1 wherein tbe precursor aipha-amylase is a 
fungal aipha-amylase, 

6-5 



StBSHTtfH SHEET (HIM £8} 



wo $mmu 

18. DMA encoding the mutant aipha-smyigsss of Claim 1 , 



PCt7USW/8I5£J 



17. Expression vectors encoding the DMA of Claim 16. 

18. Host cells transformed with the expression vector of Claim 1 7. 

13, An atpha-amyiase comprising an amino ecid sequence corresponding to Seq ID 
Ho 37 or a derivative thereof. 

20. ONA encoding the alpha^amyiass of Claim IS. 

21 , Expression vectors encoding the DNA of C\mm 20> 

Host cells transformed with the expression vector of Claim 21 , 

23. A mutant aipha-amylase of Oaim 1 having altered oxidative stability comprising 
a substitution of a different amino acid at a position equivalent to M1S7 in B, 
Hchemfomis a Ipha -am ylase . 

24. The mutant alpha-amylase of Claim 23 which is fvll 97T, 

25. A mutant alpha-amylase having enhanced thermal stability, or m enhanced pH 
performance profile or enhanced oxidative stability, the mutant comprising a 
substitution of a different amino acid at a position equivalent to MI S in B. ifchemform/s 
afpha-amyiass. 



26. The mutant alpha-amyiase of Claim 25 which is Ml St. 

27. A detergent composition comprising a mutant atpha-amylase of Claim 1. 

28. A detergent composition of Claim 27 wherein the mutation is at a position 
equivalent to rVl1S7 in a tichentfornvs alpha-amyiase. 

28. A detergent composition of Claim 28 which is a liquid, gel or granular 
composition, 

30, A derergent composition of Claim 27 further comprising one or more additional 
enzyme. 

31 , A starch liquefying composition comprising a mutant alpha -amylase of Claim 1. 

32, A starch liquefying composition of. Claim 31 wherein the mutation is at a 
position equivalent to MIS in B. Wchwifortrtis alpha -amylase, 

S3, A method of liquefying a granular starch slurry from either a wet or dry milling 
process at a pH .of from about 4 to less than about 6 comprising: 

a| adding an effective amount of an alpha-amytase mutant of Claim 1 to the 

siurry; 

b.l optionally adding an effective amount of an antioxidant to the slurry; sod 
c? reacting the slurry for an appropriate time and at an appropriate 
temperature to liquefy the starch. 
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34. An improved method of liquefying a granular starch slurry from either a wet or 
dry milling process at a pH. of from about 4 to less then about 6 comprising: 

a) adding an affective amount of an alpha- amylase of Claim 9 to the slurry; 

b) optionally adding en effective amount of an antioxidant to the slurry; and 
cj reacting the slurry for an appropriate time and at an appropriate 
temperature to liquefy the starch. 
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70 ' 90 110 

GGCGCTTTTCTTTTGGAAGAAAATATAGGGAAAATGQTACTTGTTAAAAATTCGGAAIAT 

130 150 1?0 

TTATACAACATCATArGTTTCACATTGAAAGGGGAGGAGAATCArGAAAGAACAAAAACG 

01 k Q Q K R 

190 210 230 

GGITTACGGCCGATTGCTGAGGGTGTTATTTGCGCT'CATCTTCTTGCTGCCTCATTGTGC 
LYARLLTLL. FALIFLLPHSA 

250 270 290 

AGCvAGCGGCOtSCAAATCTTAATGGGACGCTGATGCAGTATTTTGAATGGTACATGCCCAA 
A A A A N L N G 1" LMGYFEWYMPM 

310 330 350 

TGACGGCGAACATTGGAAGCGTTTGCAAAACGACTCGGCATATTTGGCTGAACACGGTAT 
D G Q H W K RLQNDS-AYL AEH6 I 

370 390 410 

TACTGCCGTCTGGATTCCCCCGGGATATAAGGGAACGAGCCAAGCGGATGTGGGCTACGG 
T A V W ! P P A Y K G T S Q A D V G Y G 

430 450 470 

TGCTTACGACCJTTATGATTTAGGGGAGTTTCATCAAAAAGGGACGGTTGGGACAAAGTA 
A Y 0 I V D L G E F H Q K G T V R T K Y 

490 510 330 

CGOCACAAAAGGAGAGCTGCAATCTGCGATCAAAAGTCTTCATTCCCGCGACATTAACGT 
6 T K G E L O S A ! K S L H S R D I N V 

550 570 590 

ttacgggg'atgtggtcatcaaccacaaagggggcggtgatgcgacggaagatgtaagcgc 
y g d v v i h h k g g a d a ted v t a 

810 630 650 

ggttgaagtcgatggcgctgaccgcaaccgcgtaatttgaggagaacacctaattaaagc 
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GTGGACAGATTTTCATmGCGGGGGGCGGCAGCACATACAGCGArrrTAAA^BGCATrG 
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GTACCATTTTGAGGGAAGG6ATTGG6ASGAGTC 
Y H F 0 G T D W 0 E S R K L N R S Y K F 
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TGAA6GMA6GGTTS0GATO 
Q G K A W OWE V S N E N G N V D Y L M 
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GTATGGCGAGATGGATTATGACCAT^ 

Y A D i DYDHPDV AAE I K R W G T 
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M KQQKRLTARLLTLL.FA L i F L L P H S A^A A a[a N t 

N-tsrmlnus 

B.$ubtiii$ alkaline protease aprE. (Pstl) 

MRSKTL W / S L L F A L T L t F T M A F S N M S A Q A^G KS 

N-terminus 

B.iich&niformis afpha-amylase in pA4Bi. (Pstl) 



MRSKTL WIBL L FA L T L I F 7 MA F $ N M $ A. Q a\a\ A A A N. 

;N -terminus 



BJichenftorrnts aipha-arnyiase in pB tapr . 

.FSNMSAO 

N-termintfS 



MRSKTLWi SLLFALTLiFTMA FSNM SAQAlA N L 



(Psif) Indicates the site of the restriction site in the gene. 
'I 

N-termsnus indicates cleavage site between signal peptide and secreted protein. 
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